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An  Act  to  provide  for  the  publication  of  the  reports  and  papers  of 

THE  Indiana  Academy  of  Science. 

[Approved  March  11, 1896.] 

Whereas,  The  Indiana  Academy  of  Science,  a  chartered 
Preamble.  scientific  association,  has  embodied  in  Its  constitution  a  pro- 
vision that  it  will,  upon  the  request  of  the  Governor,  or  of  the 
several  departments  of  the  State  government,  through  the  Governor,  and 
through  Its  council  as  an  advisory  body,  assist  in  the  direction  and  execu- 
tion of  any  investigation  within  its  province,  without  pecuniary  gain  to 
the  Academy,  provded  only  that  the  necessary  expenses  of  such  investi- 
gation are  borne  by  the  State,  and. 

Whereas,  The  reports  of  the  meetings  of  said  Academy,  with  the  sev- 
eral papers  read  before  it,  have  very  great  educational,  industrial  and 
economic  value,  and  should  be  preserved  in  permanent  form,  and, 

Whereas,  The  Constitution  of  the  State  makes  it  the  duty  of  tlie  Gen- 
eral Assembly  to  encourage  by  all  suitable  means  intellectual,  scientific 
and  agricultural  improvement,  therefore, 

Section  1.    Be  it  enacted   hy  the  General  Assembly  of   the 
Publication 

of  the  ro-       State  of  Indiana,  That  hereafter  the  annual  reports  of  the 

forts  of  the 
ndiana        meetings  of  the  Indiana  Academy  of  Science,  beginning  with 
Academy 

of  Science,  the  report  for  the  year  1894,  including  all  papers  of  scientific 
or  economic  value,  presented  at  such  meetings,  after  tliey  shall  have  been 
edited  and  prepared  for  publication  as  hereinafter  provided,  shall  be  pub- 
lished by  and  under  the  direction  of  the  Commissionei's  of  Public  Print- 
ing and  Binding. 

Sec.  2.    Said  reports  shall  be  edited  and  prepared  for  pub- 
Editing  licatiou  without  expense  to  the  State,  by  a  corps  of  editors  to 
reports. 

be  selected  and  appointed  by  the  Indiana  Academy  of  Science, 

who  shall  not,  by  reason  of  such  services,  have  any  claim  against  the 

State  for  compensation.     The  form,  style  of  binding,  paper,  typography 

and  manner  and  extent  of  illustration  of  such  reports,  shall 

^SSntoY^      be  determined  by  the  editors,  subject  to  the  approval  of  the 
report*.         Oommlssloners  of  Public  Printing  and  Stationery.     Not  less 

than  1,500  nor  more  than  3,000  copies  of  each  of  said  reports  shall  be  pub- 
lished, the  size  of  the  edition  within  said  limits,  to  be  determined  by  the 


concurrent  action  of  the  editors  and  tlie  Commissioners  of  Public  Print- 
ing and  Stationery:     Provided,  That  not  to  exceed  six  hundred  dollars 
($600)  shall  be  expended  for  such  publication  in  any  one  year, 
and  not  to  extend  beyond  1806:  Provided^  That  no  sums  shall      Proviso. 
be  deemed  to  be  appropriated  for  the  year  1894. 

Sec.  3.    All  except  three  hundred  copies  of  each  volume  of 
said  reports  shall  be  placed  in  the  custody  of  the  State  Libra-      Disposition 

of  reports. 

rian,  who  shall  furnish  one  copy  thereof  to  each  public  li- 
brary in  the  State,  one  copy  to  each  university,  college  or  normal  school 
in  the  State,  one  copy  to  each  high  school  in  the  State  having  a  library, 
which  shall  make  application  therefor,  and  one  copy  to  such  other  insti- 
tutions, societies  or  persons  as  may  be  designated  by  the  Academy 
through  its  editors  or  its  council.  The  remaining  three  hundred  copies 
shall  be  turned  over  to  the  Academy  to  be  disposed  of  as  it  may  de- 
termine. In  order  to  provide  for  the  preservation  of  the  same  it  shall 
be  the  duty  of  the  Custodian  of  the  State  House  to  provide  and  place  at 
the  disposal  of  the  Academy  one  of  the  unoccupied  rooms  of  the  State 
House,  to  be  designated  as  the  office  of  the  Indiana  Academy  of  Science, 
wherein  said  copies  of  said  reports  belonging  to  the  Academy,  together 
with  the  original  manuscripts,  drawings,  etc.,  thereof  can  be  safely  kept, 
and  he  shall  also  equip  the  same  with  the  necessary  shelving  and  furni- 
ture. 

Sec.  4.    An  emergency  is  hereby  declared  to  exist  for  the 

Emergency. 

immediate  taking  effect  of  this  act,  and  it  shall  therefore  take 
effect  and  be  in  force  from  and  after  its  passage. 


An  Act  fob  the  protection  of  birds,  their  nests  and  egos. 

[Approved  March  5, 1891.] 

Section  1.    Be  it  enacted  by  the  General  Assembly  of  the  State 
of  Indiana,  That  it  shall  be  unlawful  for  any  person  to  kill  any      ^*»'<*'* 
wild  bird  other  than  a  game  bird,  or  purchase,  offer  for  sale  any  such  wild 
bird  after  it  has  been  killed,  or  to  destroy  the  nests  or  the  eggs  of  any 
wild  bird. 

Sec.  2.     For  the  purpose  of  this  act  the  following  shall 
be   considered  game  birds:   the  Anatidse,   commonly   called     <'*™«B»'^d»- 
swans,  geese,  brant,  and  river  and  sea  ducks;  the  Rallidse,  commonly 
known  as  rails,  coots,  mudhens,  and  gallinules;  the  LimicoUe,  commonly 


known  as  shore  birds,  plovers,  surf  birds,  snipe,  woodcock  and  sand- 
pipers, tattlers  and  curlews;  the  GallinaN  commonly  known  as  wild  tur- 
keys, grouse,  prairie  chickens,  quail,  and  pheasants,  all  of  which  are  not 
intended  to  be  affected  by  this  act 

Sec.  3.     Any  person  violating  the  provisions  of  Section  1 

ena  ty.  ^^  ^^^^  ^^^  shall,  upon  conviction,  be  fined  in  a  sum  not  less 

than  ten  nor  more  than  fifty  dollars,  to  which  may  be  added  imprisonment 
for  not  less  than  five  days  nor  more  than  thirty  days. 

Sec.  4.    Sections  1  and  2  of  this  act  shall  not  apply  to  any 

®'^""*   '  person  holding  a  permit  giving  the  right  to  take  birds  or  their 

nests  and  eggs  for  scientific  purposes,  as  provided  in  Section  5  of  this  act. 

Sec.  5.    Permits  may  be  granted  by  the  Executive  Board 
Permitfi  to 
Seieuco.         of  the  Indiana  Academy  of  Science  to  any  properly  accredited 

person,  permitting  the  holder  thereof  to  collect  birds,  their  nests  or  eggs 
for  strictly  scientific  puri>oses.  In  order  to  obtain  such  permit  the  ap- 
plicant for  the  same  must  present  to  said  Board  written  testimonials 
from  two  well  known  scientific  men  certifying  to  the  good  character  and 
fitness  of  said  applicant  to  be  entrusted  with  such  privilege  and  pay  to 
said  Board  one  dollar  to  defray  the  necessary  expenses  attending  the 

granting  of  such  permit,  and  must  file  with  said  Board  a 

^^  properly  executed  bond  in  the  sum  of  two  hundred  dollars, 

signed  by  at  least  two  responsible  citizens  of  the  State  as  sureties.    The 

bond  shall  be  forfeited  to  the  State  and  the  permit  become 

Bond  for- 
feited, void  upon  proof  that  the  holder  of  such  permit  has  killed 

any  bird  or  taken  the  nests  or  eggs  of  any  bird  for  any  other  purpose  than 

that  named  in  this  section  and  shall  further  be  subject  for  each  offense 

to  the  penalties  provided  in  this  act 

Sec.  6.  The  permits  authorized  by  this  act  shall  be  in 
wo  yenrs.  force  for  two  years  only  from  the  date  of  their  issue,  and 
shall  not  be  transferable. 

Sec.  7.  The  English  or  European  house  sparrow  (passer 
in  s  0  prey.  (jQjnesticus).  crows,  hawks,  and  other  birds  of  prey  are  not  in- 
cluded among  the  birds  protected  by  this  act. 

Sec  8.  All  acts  or  parts  of  acts  heretofore  passed  in  con- 
Acts  repealed,  ^j^.^  ^^.j^^  ^^^  provisions  of  this  act  are  hereby  repealed. 

Sec.  9.  An  emergency  is  declared  to  exist  for  the  imme- 
Emerjfency.     ^j.^^^^  taking  effect  of  this  act,  therefore  the  same  shall  be 

in  force  and  effect  from  and  after  its  passage. 
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CONSTITUTION. 


ARTICLE  I. 

Section  1.  This  association  shall  be  called  the  Indiana  Academy  of 
Science. 

Sec.  2.  The  objects  of  this  Academy  shall  be  scientific  research  and 
the  diffusion  of  knowledge  concerning  the  various  departments  of  science; 
to  promote  Intercourse  between  men  engaged  In  scientific  work,  especially 
In  Indiana;  to  assist  by  Investigation  and  discussion  In  developing  and 
making  known  the  material,  educational  and  other  resources  and  riches 
of  the  State;  to  arrange  and  prepare  for  publication  such  reports  of  In- 
vestigation and  discussions  as  may  further  the  alms  and  objects  of  the 
Academy  as  set  forth  In  these  articles. 

Whereas,  the  State  has  undertaken  the  publication  of  such  proceed- 
ings, the  Academy  will,  upon  request  of  the  Governor,  or  of  one  of  the 
several  departments  of  the  State,  through  the  Governor,  act  through  Its 
council  as  an  advisory  body  In  the  direction  and  execution  of  any  Investi- 
gation within  Its  province  as  stated.  The  necessary  expenses  Incurred 
In  the  prosecution  of  such  investigation  are  to  be  borne  by  the  State;  no 
pecuniary  gain  is  to  come  to  the  Academy  for  its  advice  or  direction  of 
such  Investigation. 

The  regular  proceedings  of  the  Academy  as  published  by  the  State 
shall  become  a  public  document. 

ARTICLE  II. 

Section  1.  Members  of  this  Academy  shall  be  honorary  fellows,  fel- 
lows, non-resident  members  or  active  members. 

Sec.  2.  Any  person  engaged  in  any  department  of  scientific  work, 
or  in  original  research  In  any  department  of  science,  shall  be  eligible 
to  active  membership.  Active  members  may  be  annual  or  life  members. 
Annual  members  may  be  elected  at  any  meeting  of  the  Academy;  they 
shall  sign  the  constitution,  pay  an  admission  fee  of  two  dollars,  and  there- 
after an  annual  fee  of  one  dollar.     Any  person  who  shall  at  one  time 


11 

contribute  fifty  dollara  to  the  funds  of  this  Academy,  may  be  elected  a 
life  member  of  the  Academy,  free  of  assessment.  Non-resident  members 
may  be  elected  from  those  who  have  been  active  members  but  who  have 
removed  from  the  State.  In  any  case,  a  three-fourths  vote  of  the  mem- 
bers present  shall  elect  to  membership.  Applications  for  membership  in 
any  of  the  foregoing  classes  shall  be  referred  to  a  committee  on  a4)plica- 
tion  for  membership,  who  shall  consider  such  application  and  report  to 
the  Academy  before  the  election. 

Sec.  3.  The  members  who  are  actively  engaged  in  scientific  work,  who 
have  recognized  standing  as  scientific  men  and  who  have  been  members 
of  the  Academy  at  least  one  year,  may  be  recommended  for  nomination 
for  election  as  fellows  by  three  fellows  or  members  personally  acquainted 
with  their  work  and  character.  Of  members  so  nominated  a,  number  not 
exceeding  five  in  one  year  may,  on  recommendation  of  the  Executive 
Committee,  be  elected  as  fellows.  At  the  meeting  at  which  this  is 
adopted,  the  members  of  the  Executive  Committee  for  1894  and  fifteen 
others  shall  be  elected  fellows,  and  those  now  honorary  members  shall 
become  honorary  fellows.  Honorary  fellows  may  be  elected  on  account 
of  special  prominence  in  science,  on  the  written  recommendation  of  two 
members  of  the  Academy.  In  any  case  a  three-fourths  vote  of  the  mem- 
bers present  shall  elect 

ARTICLE  III. 

Section  1.  The  oflicers  of  this  Academy  shall  be  chosen  by  ballot 
at  the  annual  meeting,  and  shall  hold  office  one  year.  They  shall  consist 
of  a  president,  vice-president,  secretary,  assistant  secretary,  press  secre- 
tary, and  treasurer,  who  shall  perform  the  duties  usually  pertaining  to 
their  respective  offices  and  in  addition,  with  the  ex-presidonts  of  the 
Academy,  shall  constitute  an  executive  committee.  The  president  shall, 
at  each  annual  meeting  appoint  two  members  to  be  a  committee  which 
shall  prepare  the  programmes  and  have  charge  of  the  arrangements  for 
all  meetings  for  one  year. 

Sec.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city 
o£  Indianapolis  within  the  week  following  Christmas  of  each  year,  un- 
less otherwise  ordered  by  the  executive  committee.  There  shall  also  be 
a  summer  meeting  at  such  time  and  place  as  may  be  decided  upon  by  the 
executive  committee.  Other  meetings  may  be  called  at  the  discretion 
of  the   executive   committee.     The  past  presidents,    togetlier   with    the 
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officers  and  executive  committer,  shall  constitute  the  Council  of  the 
Academy,  and  represent  It  In  the  transaction  of  any  necessary  business 
not  specially  provided  for  In  this  constitution.  In  the  Interim  between 
general  meetings. 

Sec.  3.  This  constitution  may  be  altered  or  amended  at  any  annual 
meeting  by  a  three-fourths  majority  of  attending  members  of  at  least 
one  year's  standing.  No  question  of  amendment  shall  be  decided  on  the 
day  of  its  presentation. 


BY-LAWS. 

1.  On  motion  any  special  department  of  science  shall  be  assigned  to 
a  curator,  whose  duty  it  shall  be,  with  the  assistance  of  the  other  members 
interested  in  the  same  department,  to  endeavor  to  advance  knowledge  in 
that  particular  department.  Each  curator  shall  report  at  such  time  and 
place  as  the  Academy  shall  direct.  These  reports  shall  Include  a  brief 
summary  of  the  progress  of  the  department  during  the  year  preceding 
the  presentation  of  the  report. 

2.  The  president  shall  deliver  a  public  address  on  the  evening  of  one 
of  the  days  of  the  meeting  at  the  expiration  of  his  term  of  office. 

o.  The  press  secretary  shall  attend  to  securing  proper  new8pai>er  re- 
lK)rts  of  tlie  nuH>tings  and  assist  the  secretary. 

4.  No  special  mooting  of  the  Academy  shall  be  held  without  a  no- 

* 

tice  of  the  same  having  boon  sent  to  the  address  of  each  member  at  least 
lift(H*n  days  before  suoh  mooting. 

5.  No  bill  against  the  Acadoniy  shall  bo  paid  without  an  order  signed 
by  the  president  and  countersigned  by  the  secretary. 

G.  Monibors  who  shall  allow  their  duos  to  remain  impaid  for  two 
years,  having  been  annually  notified  of  their  arrearage  by  the  treasurer, 
shall  have  their  names  stricken  from  the  roll. 

7.  Ton  moinbors  shall  constitute  a  fiuoriiin  for  the  transaction  of 
business. 


MEMBERS. 


FELLO  WS. 

I 

J.  C.  Arthur *1893 Lafayette. 

P.  S.  Baker 1893 Greencastle. 

George  W.  Benton 1896  Indianapolis. 

A.  J.  Bigney 1897  Moore's  Hill. 

A.  W.  Bitting 1897  Lafayette. 

W.  S.  Blatchley 1893  Indianapolis. 

J.  C.  Branner 1893 Stanford  University,  Cal. 

Wm.  Lowe  Bryan 1895  Bloomington. 

A.  W.  Butler 1893 Indianapolis. 

R.  E.  Call 1894 Lawrenceburg. 

J.  L.  Campbell 1893  Crawfordsville. 

John  M.  Coulter 1893  Chicago,  111. 

Stanley  Coulter 1893 Lafayette. 

D.  W.  Dennis 1895  Richmond. 

C.  R.  Dryer 1897  Terre  Haute. 

A.  Wilmer  Duff 1896  Lafayette. 

C.  H.  Eigenmann 1893 Bloomington. 

A.  L.  Foley 1 897  Bloomington. 

Katherine  E.  Golden 1695  Lafayette. 

W.  F.  M.  Goss 1893  Lafayette. 

Thos.  Grav   1893  Terre  Haute. 

A.  S.  Hathaway 1895 Terre  Haute. 

O.  P.  Hay 1893   Washington,  I).  C. 

H.  A.  Huston 1893 Lafayette. 

J.  P.  D.  John 1893  Greencastle. 

D.  8.  Jordan 1893  Stanford  University,  Cal. 

Robert  E.  Lyons 1896   Bloomington. 

V.  F.  Marsters 1893  Bloomington. 

C.  L.  Mees 1894  Terre  Haute. 

T.  C.  Mendenhall  1898  Worcester,  Mass. 


*Date  of  election. 
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Joseph  Moore *1896  Richmond. 

D.  M.  Mottier 1893  Bloomington. 

W.  A.  Noyes 1893  Terre  Haute. 

L.  J.  Rettsrer 1896  Terre  Haute. 

J.  T.  Scovell 1894  Terre  Haute. 

tW.  P.  Shannon 1893  Greensburg. 

Alex.  Smith 1893  Chicago,  III. 

W.  E.  Stone 1893  Lafayette. 

M.  B.  Thomas 1893  Crawfordsville. 

L.  M.  Underwood 1893  New  York  Citv. 

T.  C.  Van  Nuys 1893  Bloomington. 

C.  A.  Waldo 1893  Lafayette. 

F.  M.  Webster 1894 Wooster,  O. 

H.  W.  Wiley 1895 Washington,  D.  C. 

John  S.  Wright 1894  Indianapolis. 


NON-RESIDENT  MEMBERS, 

D.  H.  Campbell Stanford  University,  Cal. 

B.  W.  Evermann Washington,  D.  C. 

Charles  H.  Gilbert Stanford  University,  Cal. 

C.  W.  Green Stanford  University,  Cal. 

€.  W.  Hargitt Syracure,  N.  Y. 

Edward  Hughes Stockton,  Cal. 

O.  P.  Jenkins Stanford  University,  Cal. 

J.  S.  Kingsley Tufts  College,  Mass. 

Alfretl  Springer Cincinnati,  O. 

Robert  B.  Warder Washington,  D.  C. 

Ernest  Walker Clemson  College,  S.  C. 


ACTIVE  MEMBERS. 

Frederick  W.  Andrews Bloomington. 

R.  J.  Aley Bloomingtim. 

George  H.  Ashley Indianapolis. 

Timothv  H.  Ball Crown  Point. 


*Dato  of  election. 

t  Deceased,  December  16, 1897. 
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C.  L.  Barnes Indianapolis. 

J.  A.  Bergstrom Bloomington. 

Alexander  Black Greencastle. 

Edwin  M.  Blake Lafayette. 

Lee  F.  Bennett Valparaiso. 

Donaldson  Bodinc Crawfordsville. 

M.  A.  Brannon Grand  Forks,  N.  D. 

Frank  P.  Bronson Indianapolis. 

Charles  C.  Brown  Indianapolis. 

H.  L.  Bruner Irvington. 

A.  Hugh  Bryan Indianapolis. 

Severance  Barrage Lafayette. 

J.  B.  Burris Cloverdale. 

Noble  C.  Butler Indianapolis. 

Ada  C.  Campbell South  Bend. 

J.  T.  Campbell Rockville. 

E.  J.  Chansler Bicknell. 

Fred.  M.  Chamberlain Bloomington. 

Walter  W.  Chipman Warsaw. 

J.  Fred  Clearwaters Indianola,  111. 

George  Clements Crawfordsville. 

H.  J.  Clements Washington. 

Charles  Clickener Tangier. 

U.  O.  Cox * Mankato,  Minn. 

Albert  B.  Crowe Ft.  Wayne. 

M.  E.  Crowell Indianapolis. 

Glenn  Culbertson Hanover. 

Will  Cumback Greensburg. 

Alida  M.  Cunningham Lafayette. 

H.- S.  Cunningham Indianapolis. 

^George  L.  Curtiss A. Columbus. 

B.  M.  Davis Los  Angeles,  Cal. 

Martha  Doan Westfield. 

J.  P.  Dolan Syracuse. 

Joseph  Eastman Indianapolis. 

E.  G.  Eberhardt Indianapolis. 


*  Deceased,  March  31, 1898. 
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M.  N.  Elrod Columbus. 

F.  L.  Emory Morgantown,  W.  Va, 

Percy  Norton  Evans , Lafayette. 

San^iel  G.  Evans Evansville. 

Carlton  G.  Ferris Big  Rapids,  Mich. 

E.  M.  Fisher Urmey ville. 

J.  J.  Flather ^ Lafayette. 

J.  R.  Francis Indianapolis. 

Austin  Funk Bloomington. 

J.  B.  Gamer Crawfordsville. 

Robert  G.  Giilum Terre  Haute. 

U.  F.  Glick Newbern. 

Michael  J.  Golden Lafayette. 

W.  E.  (xoldsborough Lafayette. 

S.  8.  Gorby Franklin. 

Vernon  Gould Rochester. 

J.  C.  Gregg Brazil. 

Alden  H.  Hadley Melbourne,  Fla. 

Wm.  Perry  Hay Washington,  D.  C. 

Franklin  W.  Hays Indianapolis. 

E.  H.  Heacock Topeka,  Kas. 

Chas.  A.  Helvie Chicago. 

Flora  Herr Bloomington. 

Robert  Hessler Indianapolis. 

J.  A.  Hill 

T.  E.  Hibben Indianapolis. 

J.  W.  Hubbard Bloomington. 

Lucius  M.  Hubbard South  Bend. 

Alex.  Jameson Indianapolis. 

A.  E.  Je?8up Carmel. 

Sylvester  Johnson Irvington. 

W.  B.  Johnson P'ranklin. 

Chancey  Juday   Bloomington. 

William  J.  Karslake Irvington. 

I).  S.  Kelley Jetrersonville. 

O.  L.  Kelso Terre  Haute. 

Arthur  Kendrick Terro  Haute. 

K.  M.  Kindle Bloomington. 
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Ph.  Kirsch Columbia  City. 

Charles  T.  Knipp Bloomington. 

Thomas  Large Evansville. 

Daniel  Layman Indianapolis. 

John  Levering Lafayette. 

V.  H.  liockwood Indianapolis. 

William  A.  Macbeth Terre  Haute. 

Cora  March Lawrenceburg. 

Herbert  W.  McBride Indianapolis. 

Ptobert  Wesley  McBride Indianapolis. 

Kate  McCarthy Wabash. 

Rousseau  McClellan Bloomington. 

'D.  T.  McDougal Minneapolis,  Minn. 

J.  W.  Marsee Indianapolis. 

G.  W.  Martin Indianapolis. 

Julius  B.  Meyer Lafayette. 

•<).  M.  Meyncke Brookville. 

Franklin  S.  Miller Brookville. 

John  A.  Miller Bloomington. 

W.  J.  Moenkhaus San  Paulo,  Brazil. 

0.  T.  Moore > Cambridge,  Mass. 

J.  P.  Naylor Greencastle. 

Charles  E.  Newlin Irvington. 

John  F.  Newsom Elizabethtown. 

E.  W.  Olive Indianapolis. 

J.  H.  Oliver Indianapolis. 

D.  A.  Owen Franklin. 

Rollo  J.  Peirce 

W.  H.  Peirce Chicago,  111. 

*Elwood  Pleas Dunreith. 

James  A.  Price Bloomiield. 

Frank  A.  Preston Indianapolis. 

A.  H.  Purdue Fayetteville,  Ark. 

Ryland  Ratliff Fairmount. 

H.  G.  Rcddick Bloomington. 

BesHie  C.  Ridgley South  Bend. 


*  Deceased,  December  30,181^. 

2 — Science. 
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D.  C.  Ridgley Chicago,  111. 

Curtis  A.  Kinson Bloomington* 

George  L.  Roberts Ureensburg. 

Adolph  Rodgers New  Castle. 

John  F.  Schuaible Lafayette. 

C.  E.  Schafer Huntington. 

E.  A.  Schultze Fl  Wayne. 

Howard  Schurmann Indianapolis. 

John  W.  Shepherd Terre  Hautei 

Claude  Siebenthal Bloomington. 

G.  W.  Sloan Indianapolis. 

J.  R.  Slonaker Bloomington. 

Richard  A.  Smart Lafayette. 

Harold  B.  Smith Worcester,  Mass. 

Theo.  W.  Smith Indianapolis. 

Lillian  Snyder Lafayetle. 

F.  P.  Stauflfer Logansport. 

M.  C.  Stevens Lafayette. 

li.  M.  Stoops  Brookvillc. 

Joseph  Swain Bloomington. 

William  Stewart Lafayette. 

Cjcorgf  A.  Taihert West  Sii|>erior,  Wis. 

Frank  H.  Tavlor Ft.  Wavne. 

S.  N.  Tavlor West  Lafavette. 

Erastus  Test Lafavette. 

F.  C.  Tef»t Chicago,  111. 

J.  F.  Thf»nip«on Richmond. 

William  M.  Thrasher Irvington. 

A.  L.  Treadwell Oxford,  Ohio. 

Daniel  J.  Trover Cioshen. 

W.  P.  Turner Lafayette. 

.\.  B.  I'lrey North  Manchester. 

W.  B.  Van  (lorder Kni^htstown. 

Arthur  C.  Veatch Ko('k|M)rt. 

II.  S.  Voorhees  Brookville. 

J.  II.  Voris Bloonnngton. 

F.  A.  Walker Anderson. 

W.  O.  Wallace Wabash. 
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Tred  C.  Whitcomb Delphi. 

William  M.  Whitten South  Bend. 

J.  R.  VViest Richmond. 

Mae  Woldt Irvington. 

W.  L.  Wood Covington. 

William  Watson  Woollen Indianapolis. 

A.  J.  Woolman Duluth,  Minn. 

-J.  F.  Woo^ey Indianapolis. 

P.  A.  Yoder Vincennes. 

A.  C.  Yoder Vincennes. 

O.  B.  Zell Clinton. 

Fellows 44 

Non-resident  members 11 

Active  members 1 60 

Total 215 

Deaths 3 


In  ^emoriam. 


WILLIAM  POLLOCK  SHANNON, 

(Treasurer  of  the  Indiana  Academy  of  Science, 

18^3  to  1897.) 

Died,  Greensburg,  Indiana,  December  Sixteenth,  1897. 


%n  ^emoriam. 


GEORGE  LEWIS  CURTISS, 

Died,  Naples,   Italy,   March   Thirty-tirst,   1898. 


^11  ptcmoriHm. 


ELWOOD  PLEAS, 

Died,   Dunreith,  December  Thirtieth,  1S*J7. 


LIST  OF  FOREIGN  CORRESPONDENTS. 


AFRICA. 
Dr.  J.  Medley  Wood,   Natal  Botanical  Gardens,   Berea  Durban,   South 

Africa. 
South  African  PhiloBophical  Society,  Cape  Town,  South  Africa. 


ASIA. 
China  Branch  Royal  Asiatic  Society,  Shanghai,  China. 
Asiatic  Society  of  Bengal,  Calcutta,  India. 
Geological  Survey  of  India,  Calcutta,  India. 
Indian  Museum  of  India,  Calcutta,  India. 
India  Survey  Department  of  India.  Calcutta,  India. 


Deutsche    Gesellschaft    filr    Natur    und    Volkerltunde    Ostasiens,    Toklo, 

Japan. 
Imperial  University,  Tokio,  Japan.      ' 


Koninklijke   Naturkuudige   Verooniging   in    Nederlandsch-Indie.    Batavia. 
Java. 


Hon.  D.  D.  Baldwin,  Honolulu,  Hawaiian  Islands. 


EUROPE. 

V.  R.  Tschusizu  Schmidhoffen,  Villa  Tannenhof ,  Halle  in  Salzbmrg, 
Austria. 

Herman  von  Vilas,  Innsbruck,  Austria. 

Ethnologische  Mittheilungen  aus  Ungam,  Budapest,  Austro-Hungary. 

Mathematische  und  Naturwisseuschaftliche  Berichte  aus  Ungarn,  Buda- 
pest, Austro-Hungary. 

K.  K.  Geologischen  Reichssanstalt,  Vienna  (Wien),  Austro-Hungary. 

K.   U.   Naturwissenschaftliche  Gesellschaft   Budapest,   Austro-Hungary. 

Naturwlssenschaftlich-Medizinischer  Verein  in  Innsbruck  (Tyrol),  Austro- 
Hungary. 


22 

Editors  "Tormeszetrajzi    Fuzetk,"  Hungarian    National  Museum.  Buda- 
pest, Austro-IIuugary. 
Dr.  Eugen  Dadal,  Adj.  am  Nat.  Mus.,  Budapest,  Austro-Hungary. 
Dr.  Julius  von  Madarasz,  Budapest  Austro-Hungary. 
K.  K.  Naturhistorisches  Hofmuseum.  Vienna  (Wien),  Austro-Hungary. 
Ornithological  Society  of  Vienna  (Wien),  Austro-Hungary. 
ZoClogische-Botanische  Gesellschaft  in  Wien,  Wien,  Austro-Hungary. 
Dr.  J.  von  Csato,  Nagy  Enyed,  Austro-Hungary. 


Malacological  Society  of  Belgium,  Brussells,  Belgium. 

Royal  Academy  of  Science,  Letters  and  Fine  Arts,  Brussells,  Belgium. 

Royal  Linnean  Society,  Brussells,  Belgium. 

Society  Beige  de  Geologic,  de  Pal  aeon tologie  et  Hydrologie,  Brussells, 

Belgium. 
Society  Royale  de  Botanique,  Brussells,  Belgium. 
Society  Geologique  de  Belgique,  Li^ge,  Belgium. 


Prof.  Christian  Frederick  Lutken,,  Copenhagen,  Denmark. 


Bristol  Naturalists*  Society.  Bristol,  England. 

Geological  Society  of  London,  Loudon.  England. 

Linnean  Society  of  London,  Tendon,  England. 

Liverpool  Geological  Society,  Liverpool.  England. 

Manchester  Literary  and  Philosophical  Society,  Manchester,  England. 

"Nature,"  London,  England. 

Royal  Botanical  Society,  London,  England. 

Royal  Geological  Society  of  Cornwall,  Penzance,  England. 

Royal  Microscopical  Society,  London,  England. 

Zo()logical  Society,  London,  England. 

Lleut-Col.  John  Biddulph,  43  Charing  Cross,  London,  England. 

Dr.  G.  A.  Boulenger,  British  Mus.  (Nat.  Hist.),  London,  England. 

F.  DuCane  Godman,  10  Chandos  St.,  Cavendish  Sq.,  London,  England. 

Hon.  E.  L.  Layard,  Budleigh  Salterton,  Devonshire,  England. 

Mr.  Osbert  Salvin,  Hawksfold,  Fernshurst,  Haslemere,  England. 

Mr.  Howard  Saunders,  7  Radnor  Place,  Hyde  Park.  London  W.,  England. 

Phillip  L.  Sclater,  3  Hanover  Sq.,  London  W.,  England. 
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Dr.  Richard  Bowlder  Sharpe,  British  Mus.  (Nat.  His.),  London,  England. 
Prof.  Alfred  Russell  Wallace,  Corfe  View,  I*arkstone,  Dorset,  England. 


Botanical  Society  of  France,  Paris,  France. 

Minist^rie  de  r Agriculture,  Paris,  France. 

Society  Entomologique  de  France,  Paris,  France. 

L'lnstitut  Grand  Ducal  de  Luxembourg,  Luxembourg,  Lux,  France. 

Soc.  de  Horticulture  et  de  Botan.  de  Marseille,  Marseilles,  France. 

Society  Linneenne  de  Bordeaux,  Bordeaux,  France. 

La  Soc.  Linneenne  de  Normandie,  Caen,  France. 

Soc.  des  Naturelles,  etc.,  Nantes,  France. 

Zoological  Society  of  France,  Paris,  France. 

Baron  Louis  d'  Hamonville,  Meurthe  et  Moselle,  France. 

Prof.  Alphonse  Milne-Edwards,  Rue  Cuvier,  57,  Paris,  France. 


Botanischer  Verein  der  Provinz  Brandenburg,  Berlin,  Germany. 

Deutcbe  Geologiscbe  Gesellschaft,  Berlin,  Germany. 

Entomologischer  Verein  in  Berlin,  Berlin,  Germany. 

Journal  ftir  Omithologle,  Berlin,  Germany. 

Prof.  Dr.  Jean  Cabanis,  Alte  Jacob  Stniss(\  10.3  A.,  Berlin,  Germany. 

Augsburger  Naturhistoriscber  Verein,  Augsburg,  Germany. 

Count  Hans  von  Berlspsen,  Mtinden,  Germany. 

Braunschweiger  Verein  fttr  Naturwissenscbaft,  Braunschweig,  Germany. 

Bremer  Naturwissenschaftlicher  Verein,  Bremen,  Germany. 

Kalserlicbe  Leopoldische-Caroliniscbe  Deutsche  Akademie  der  Naturfor- 

cher,  Halle,  Saxony,  Germany. 
KOniglich-Silcbsische    Gesellscbaft   der   Wissenschaften,    Mathematiscbe- 

Physische  Classe.  Leipzig,  Saxony,  Germany. 
Naturbistoriscbe  Gesellscbaft  zu  Hanover,  Hanover,  Prussia,  Germany. 
Naturwissenschaftlicher  Verein  in  Hamburg,  Hamburg,  Germany. 
Verein  ftir  Erdkunde,  Leipzig,  Germany. 
Verein  ftir  Naturkunde,  Weisbaden,  Prussia. 


Belfast  Natural  History  and  Philosophical  Society,  Belfast,  Ireland. 
Royal  Dublin  Society,  Dublin. 
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Societa  Entomologica  Italiana,  Florence,  Ital^'. 

Prof.  H.  H.  Giglioli,  Museum  Vertebrate  Zoology,  Florence,  Italy. 

Dr.  Alberto  Pemgia,  Museo  Civico  di  Storia  Naturale,  Genoa,  Italy. 

Societa  Italiana  de  Scienzc  Natural!.  Milan,  Italy. 

Societa  Afrlcana  d*  Italia,  Naples,  Italy. 

Dell  'Aeademla  Pontlfico  de  Nuovi  Lincei,  Rome,  Italy. 

Minister  of  Agriculture,  Industry  and  Commerce,  Rome,  Italy. 

Hhssegna  della  Scienzc  Geologiehe  in  Italia,  Rome^  Italy. 

R.  Comitato  Geologico  d*  Italia,  Rome,  Italy. 

Pfof.  Count.  Tomasso  Salvadori,  Zoulog.  Museum,  Turin,  Italy. 


Royal  Norwegian  Society  of  Sciences.  Throndhjem,  Norway. 
Dr.  Robert  Collett,  Kongl.  Frederiks  Univ.,  Christiana,  Norway. 


Academla  Real  des  Sclencias  de  Lisboa  (Lisbon),  Portugal. 


Comity  Geologique  de  Russie,  St.  Petersburg,  Russia. 
Imperial  Academy  of  Sciences.  St.  Petersburg.  Russia. 
Imperial  Society  of  Naturalists,  Moscow.  Russia. 


The  Botanical  Society  of  Edinburgh,  Edinburgh,  Scotland. 

John  J.  Dalgleish,  Brankstou  Grange,  Bogside  Sta.,   Sterling,   Scotland. 

Edinburgh  Geological  Society,  Edinburgh.  Scotland. 

Geological  Society  of  Glasgow.  Scotland. 

John  A.  Harvie-Brown,  Duulplaco  House,  Larbort,  Stirlingshire.  Scotland. 

Natural  History  Society,  Glasgow.  Scotland. 

Philosophical  Society  of  Glasgow,  Glasgow.  Scotland. 

Royal  Society  of  Edinburgh,  Edinburgh,  Scotland. 

Royal  Physical  Society,  Edinburgh.  Scotland. 


Barcelona  Academia  de  Cieucias  y  Artos,  Barcelona,  Spain. 
Royal  Academy  of  Sciences,  Madrid,  Spain. 
Ipstitut  Royal  Geologique  de  SuMe,  Stockholm,  Sweden. 
Societe  Entoiiiologique  ft  Stockholm,  Stockholm,  Sweden. 
Royal  Swedish  Academy  of  Science,  Stockholm,  Sweden. 
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Naturforschende  Gesellschaft,  Basel,  Switzerland. 

Naturforsehende  Gesellschaft  in  Berne,  Berne,  Switzerland. 

La  Society  Botanique  Suisse,  Geneva,  Switzerland. 

Society  Helvetiqne  de  Sciences  Naturelles,  Geneva,  Switzerland. 

Society  de  Physique  et  d*  Hlstorie  Naturelle  de  Geneva,  Geneva,  Switzer^ 

land. 
Concilium  Biblio^aphicum,  ZUrlch-Oberstrasse,  Switzerland. 
Naturforschende  Gesellschaft,  Ztirich,  Switzerland. 
Schweizerische  Botanische  Gesellschaft,  Ztirich,  Switzerland. 
Prof.  Herbert  H.  Field,  Ztirich,  Switzerland. 


AUSTRALIA. 

Linnean  Society  of  New  South  Wales,  Sidney,  New  South  Wales. 
Royal  Society  of  New  South  Wales,  Sidney,  New  South  Wales. 
Prof.  Liveridge,  F.  R.  S.,  Sidney,  New  South  Wales. 
Hon.  Minister  of  Mines,  Sidney,  New  South  Wales. 
Mr.  E,  P.  Ramsey,  Sidney,  New  South  Wales. 
Royal  Society  of  Queensland,  Brisbane,  Queensland. 
Royal  Society  of  South  Australia,  Adelaide,  South  Australia. 
Victoria  Pub.  Library,  Museum  and  Nat  Gallery,  Melbourne,  Victoria. 
Prof.  W.  L.  BuUer,  Wellington,  New  Zealand. 


NORTH  AMERICA. 

Natural  Hist  Society  of  British  Columbia,  Victoria,  British  Columbia. 
Canadian  Record  of  Science,  Montreal,  Canada. 
McGill  University,  Montreal,  Canada. 
Natural  Society,  Montreal,  Canada. 

I 

Natural  History  Society,  St.  Johns,  New  Brunswick. 

Nova  Scotia  Institute  of  Science,  Halifax,  N.  S. 

Manitoba  Historical  and  Scientific  Society,  Winnepeg,  Manitoba. 

Dr.  T.  Mcll wraith,  Caimbrae,  Hamilton,  Ontario. 

The  Royal  Society  of  Canada,  Ottawa,  Ontario. 

Natural  History  Society.  Toronto,  Ontario. 

Hamilton  Association  Library,  Hamilton,  Ontario. 

Canadian  Entomologist,  Ottawa,  Ontario. 


/ 


26 

Department  of  Marine  and  Fisheries,  Ottawa,  Ontario. 
Ontario  A^icnltnral  College,  Gnelph,  Ontario. 
Canadian  Institute,  Toronto. 
Ottawa  Field  Naturalists'  Club,  Ottawa,  Ontario. 
University  of  Toronto,  Toronto. 
Geological  Survey  of  Canada,  Ottawa,  Ontario. 
La  Naturaliste  Canadian,  Chicontini,  Quebec. 
La  Naturale  Za,  City  of  Mexico. 
Mexican  Society  of  Natural  History,  City  of  Mexico. 
Museo  Nacionale,  City  of  Mexico. 
Sociedad  Cientiflca  Antonio  Alzate,  City  of  Mexico.  . 
Sociedad  Mexicana  de  Geographia  y  Estadistica  de  la  Republica  Mei 
icana.  City  of  Mexico. 


WEST  INDIES. 
Victoria  Institute,  Trinidad,  British  West  Indies. 
Museo  Nacional,  San  Jose,  Costa  Rica,  Central  America. 
Dr.  Anastasia  Alfaro,  Secy.  National  Museum,  San  Jose,  Costa  Rica. 
Rafael  Arango,  Havana,  Cuba. 
Jamaica  Institute,  Kingston*  Jamaica,  West  Indies. 


SOUTH  AMERICA. 

Argentina  Historia  Natural  Florentine  Amegline,  Buenoe  Ayres,  Argen- 
tine Republic. 
Mus6e  de  la  Plata,  Argentine  Republic. 

Nacional  Academia  des  Ciencias,  Cordoba,  Argentine  Republic 
Sociedad  Cientiflca  Argentina,  Buenos  Ayres. 


Museo  Nacional,  Rio  de  Janeiro,  Brazil. 

Sociedad  de  Geographia,  Rio  de  Janeiro,  Brazil. 

Dr.  Herman  von  Jhering,  Dir.  Zo(51.  Sec.  Con.  Geog.  e  Geol.  de  Sao  Paulo, 

Rio  Grande  do  Sul,  Brazil. 
W.  J.  Moenkhaus,  Museu  Paulista,  Sao  Paulo,  Brazil. 


Deutscher  Wissenschaftlicher  Verein  In  Santiago,  Santiago,  Chili. 

Societ6  Scientiflque  du  Chili,  Santiago,  Chili. 

Sociedad  Guatemalteca  de  Ciencias,  Guatemala,  Guatemala. 


.     .     .     PROGRAJVI     .     .     . 

OF  THE 

THIRTEENTH  ANNUAL  IVIEETING 

OF   THE 

Indiana  Academy  of  Science, 

STATE  HOUSE.  INDIANAPOLIS, 

December  29  anci  30,  ISOT. 


OFFICERS  AND  EX-OFFICIO  EXECUTIVE  COMMITTEE. 

Thomas  Grit,  President,        C.  A.  Waldo,  Vice-President,      John  S.  Wright,  Secretary, 
A.  J.  BiONiT,  Asst.  Secretary,  W.  P.  Shannon,  Treasurer. 

Stanley  Coulter,  Amos  W.  Butler,        W.A.  Noyes,  J.C.Arthur, 

J.  L.  Campbell,  0.  P.  Hay.  T.  C.  Mendenuall,      John  C.  Brannbr, 

J.  P.  D.  John,  John  M.  Coulter,       David  S.  Jordan. 


The  sessions  of  the  Academy  will  be  held  in  the  State  House  in  the  rooms  of  the  State 
Board  of  Agriculture. 

Headquarters  will  be  at  the  Bates  House.  A  rate  of  $2.00  and  up  per  day  will  be  made 
to  all  persons  who  make  it  known  at  the  time  of  registering  that  they  are  members  of  the 
Academy. 

Reduced  railroad  rates  for  the  members  can  not  be  obtained  under  the  present  rulings 
of  the  Traffic  Association.  Many  of  the  colleges  can  secure  special  rates  on  the  various 
roads.  Those  who  can  not  do  this  could  join  the  State  Teachers*  Association  and  thus  secure 
the  one  and  one-third  round  trip  fare  aecordod  to  them. 

W.  P.  Shannon, 
R.  E.  Lyons, 

Coiinnittee, 


GENERAL  PROGRAM, 


Tuesday,  December  28. 

Meeting  of  Executive  Committee  at  the  Hotel  Headquarters 8p.m. 

Wednesday,  December  29. 

Qederal  Session 9a.  m.  to  12  m 

Sectional  Meetings 2  p.m. to  5  p.  m. 

Address  by  President  Thomas  Gray 7  p.m. 

Thursday,  Decembfir  31. 

General  Session,  followed  by  Sectional  Meetings 9  a.  m.  to  12  u . 

General  Session 2  p.  m.  to  4  p.  m.. 
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LIST  OF  PAPERS  TO  BE  READ. 


ADDRESS  BY  THE  BETIRINO  PRESIDENT, 

PROFESSOR  THOMAS  (IRAY, 

At  7  o'clock  Wednesday  oTening. 

Subject :    **  The  Deyelopment  of  Electrical  Science/' 


The  address  has  been  placed  at  this  early  hour  in  order  that  other  engagements  for  the 
usual  hours  of  evening  entertainment  may  not  keep  the  members  of  the  Academy  and  their 
friends  from  being  present. 


The  following  papers  will  be  read  in  the  order  in  which  they  appear  on  the  program  ex- 
cept that  certain  papers  will  be  presented  "pari  pa»9u"  in  sectional  meetings.  In  order 
that  the  li^bor  of  presentation  may  be  relieved,  papers  presented  by  the  same  authors  have 
been  separated,  unless  such  separation  would  impair  the  value  of  the  papers.  When  a  paper 
is  called  and  the  reader  is  not  present  it  will  be  dropped  to  the  end  of  the  list,  unless  by 
mutual  agreement  an  exchange  can  bo  made  with  another  whose  time  is  approximately  the 
same.  Where  no  time  waa  sent  with  the  papers,  they  have  been  uniformly  assigned  ten 
minutes.    Opportunity  will  be  given  after  the  reading  of  each  paper  for  a  brief  discussion. 

I^.  B. — By  the  order  of  the  Arademy^  no  paper  can  he.  rend  vtUll  an  alMract  of  Ue  eonientn  or 
the  written  paper  has  been  placed  in  the  hand*  of  thf  Srcretary. 


GENERAL  SUBJECTS. 

1.  Lake  Maxinkuckee  soundings,  12  m J.  T.  Scovell. 

2.  Photometric  measurements  of  different  samples  of  oil,  5  ra.. 

C.  T.  Knipi). 
8.    Pure  3- east  in  bread.  10  m Miss  Katlierlue  Golden. 

4.  A  new  laboratory  and  its  work,  6  m Robert  Hessler. 

5.  A  case  of  microcephaly  ,10  m D.  W.  Dennis. 

6.  The  relation  of  geograpliy  to  natural  science  and  education, 

15  m C.  R.  Dryer. 

m 

7.  The  Academy  as  a  possible  factor  in  the  biological  instruc- 

tion in  our  secondary  schools,  10  m L.  J.  Rettger. 

8.  Susceptibility    of   different    starches    to    digestive    ferments, 

15  m W.  E.  Stone. 

9.  A  new  apparatus  for  photomicroscopy,  10  m A.  W.  Bitting. 

Illustrated  by  photographs. 
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MATHEMATICAL  AND  PHYSICAL  SUBJECTS. 

10.  An  infinite  system  of  forms,  satisfying  the  requirements  of 

Hilbert's  Law,  10  m J.  A.  Miller. 

11.  Decrease  of  intensity  of  shrill  sounds  with  time,  15  m.  .A.  W.  Duff. 

12.  The  constant  radiation  of  air.  5  m A.  W.  Duff 

13.  Preliminary   results    with    an    apparatus    for    the    study    of 

impact,  15  m A.  W.  Duff  and  .J.  B.  Meyer. 

14.  Variations  on  the  spectrum  of  the  open  and  closed  electric 

arc,  15  m A.  L.  Fol«^y 

15.  The  spectrum  of  cyanogen,  10  m A.  L.  Foley. 

16.  The  electrolytic  nature  of  the  electric  arc.  15  m A.  L.  Foley. 

17.  Note  on  Charles  Smith's  definition  of  multiplication.  2  m.  .R.  J.  Aley. 

18.  CoUinear  sets  of  three  points  connected  with  the  triangle, 

15  m R.  .L  Aley. 

♦19.    Note  on  the  theorem  of  Magnus  concerning  the  relation  of 

linear  transformation  to  projection,  10  m S.  C.  Davisson. 

20.  On  the  reduction  of  irrational  algebraic  integrals,  10  m.. J.  B.  Faught. 
♦21.    Three  proofs  of  the  proposition— "The  tangents  to  a  point 

conic  are  lines  of  a  line  conic,"  15  m U.  S.  Hanna. 

♦22.    Some  tests  on  ball  bearings,  10  m M.  J.  Golden. 

23.  Alternate  processes,  15  m A.  S.  Hathaway. 

24.  A  new  form  of  galvanometer,.  10  m J.  Henry  Lendi. 

25.  A  relation  between  elastic  limit  in  flexure  and  tension.  .W.  K.  Ilatt. 

26.  Behavior  of  wrought  iron  under  compression W.  K.  Ilatt. 

CHEMICAL  AND  BACTERIOLOGICAL  SUBJECTS. 

27.  Camphoric  acid,  15  m W.  A.  Noyes. 

28.  Certain  combustion  products  of  natural  gas,  5  m P.  N.  Evans. 

♦29.    The  melting  point  of  cane-sugar,  5  m W.  H.  Tost. 

30.  Nltro  derivatives  of  low-l>oiling  paratfines,  5  m R.  (J.  Worstall. 

31.  Occurrence  of  nitrogen  in  gases  derived  from  bacterial  fer- 

mentation, 5  m S.  Burrage  and  A.  H.  Bryan. 

32.  Micro-organisms  in  fiour,  10  m C.  G.  Ferris. 

33.  The  number  of  colonii^  of  bacteria  and  moulds  obtained  in 

the   testing .  of   air,    milk   and    water   by    different    culture 
media,  10  m A.  W.  Bitting. 
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*34.    Gonceriilng  the  alkaloids  of  Lupinus  subcarnosis,  10  m..Li.  S.  Davis. 

♦35.    Notes  on  selanthren,  6m R.  Lyons. 

*36.    The    synthesis    of    a    new    member    of    the    furan-thiophen 

group,  10  m R.  Lyons  and  H.  Reddick. 

BOTANICAL  SUBJECTS. 

37.  The  effects  of  formalin. on  germinating  seeds,  8  m.  ..M.  B.  Thomas. 

38.  The  Myxomycetes  of  Crawfordsville,  10  m .E.  W.  Olive. 

39.  The  germ  of  pear-blight,  15  m Miss  Lillian  Snyder. 

40.  Water  power  for  botanical  apparatus,  10  m J.  C.  Arthur. 

♦41.  Development  of  the  embryo-sac  of  Solea  concolor,  10  m. 

F.  M.  Andrews. 

42.  Contributions  to  the  flora  of  Indiana,  No.  V.,  10  m.  .Stanley  Coulter. 

43.  Notes  concerning  the  germination  of  composites,  10  m. 

Stanley  Coulter. 

♦44.    The  Mycorrhizae  of  Aplectrum,  10  m D.  T.  Mac  Dougal. 

♦45.    The  tendrils  of  Eutada  scandens,  5  m D.  T.  Mac  Dougal. 

46.  Distribution  of  the  Ericaceie  in  Indiana,  10  m..Alida  Cunningham. 

47.  Distribution  of  the  Qentianaceie  in  Indiana,  10  m. 

Alida  Cunningham. 

48.  Inarching  of  oak  trees John  S.  Wright. 

49.  Notes  on  the  cypress  swamps  of  Knox  county,  Indiana. 

John  S.  Wright. 

ZOOLOGICAL  SUBJECTS. 

50.  Some  Indiana  crow  roosts,  10  m A.  W.  Butler. 

51.  Notes  on  crow  roosts  of  Western  Indiana  and  Eastern  Illinois. 

John  S.  Wright 

52.  Brunnich's  Guillemot  (Uria  lomvia)  an  addition  to  the  birds 

of  Indiana,  10  m A.  W.  Butler. 

53.  Notes  on  the  birds  observed  in  the  vicinity  ot  Wayne  county, 

Indiana,  10  m Alden  H.  Hadley. 

54.  Notes  on  Indiana  heronries,  10  m A.  W.  Butler. 

55.  The  recent  occurrence  of  the  raven  in  Indiana,  10  m.  .A.  W.  Butler. 

56.  A  description  of  new  facial  muscles  in  the  Anura,  with  new 

observations  on  the  nasal  muscles  of  salamanders.  20  m. 

H.  L.  Bruner. 

57.  A  rare  species  of  Bascarion  (B.  ornatum),  6  m H.  L.  Bruner. 
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^58.  Structure  of  the  heart  of  lungless  salamanders,  10  m .  .H.  L.  Bruner. 

59.  The  pulmonary  arch  of  lungless  salamanders,  12  m.  .Miss  MacWoldt. 
*G0.  Methods  of  staining  to  show  centrosomes  in  egg  cells.    (Illus- 
trations), 12  m L.  J.  Rettger. 

61.  An  instance  of  bird  ferocity,  2  m G.  Culbertson. 

*62.  A  revision  of  the  genus  lo,  10  m R.  E.  Gall. 

63.  Material  for  the  study  of  variation  in  Etheostoma  caprodes, 

15  m J.  N.  Moenkhaus. 

64.  Origin  of  cave  fauna,  15  m G.  H.  Eigenmann. 

65.  The  eyes  of  the  Amblyopsidae,  15  m G.  H.  Eigenmann. 

66.  A  new  species  of  blind  fishes  from  the  caves  of  Missouri, 

5  m G.  H.  Eigenmann. 

67.  The  habits  of  Amblyopsis,  15  m G.  H.  Eigenmann. 

68.  The  blind  salamanders  of  North  America,  with  specimens, 

5  m G.  H.  Eigenmann. 

69.  Embryology  of  Paragordius  (Gordius)  aquaticus A.  B.  Ulrey. 

GEOLOGIGAL  SUBJEGTS. 

70.  Formation  of  quicksand  pockets  in  the  blue  clay  of  South 

Bend,  10  m W.  M.  Whitten. 

71.  The  Cady  marsh,  8  m F.  H.  Ball. 

72.  Preliminary  work  for  the  approximate  determination  of  the 

time  since  the  retreat  of  the  first  great  Ice  sheet,  8  m. 

G.  Gulbertson. 

73.  Note  on  fault  structure  in  Indiana George  H.  Ashley. 

♦74.    Notes  on  the  geology  of  Mammoth  Gave,  10  m R.  E.  Call. 

75.  A  section  from  Hanover  to  Vincennes,  10  m J.  F.  Newsom. 

76.  The  Knobstone  groups  in  the  region  of  New  Albany,  10  m. 

J.  F.  Newsom. 

77.  The  upper  limits  of  the  Knobstone  in  the  region  of  Borden, 

8  m L.  H.  Jones. 

78.  Four  sections  across  the  Knobstone  group,  15  m L.  F.  Bennett. 

79.  Notes  on  Indiana  geology,  10  m J.  A.  Price. 

80.  An  old  river  channel  in  Spencer  county,  15  m A.  G.  Veatch. 


^  Anthor  Absent;  paper  not  presented. 
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THIRTEENTH  ANNUAL   MEETING  OF  THE  IN- 
DIANA ACADEMY  OF  SCIENCE.   ' 


The  thirteenth  annual  meeting  of  the  Indiana  Academy  of  Science 
was  held  in  Indianapolis,  Wednesday  and  Thursday,  December  29th  and 
30th,  1897,  preceded  by  a  session  of  the  Executive  Committee  of  the 
Academy,  8  p.  m.,  Tuesday,  December  29th. 

At  9  a.  m.,  December  29th,  President  Thomas  Gray  called  the  Academy 
to  order  In  general  session,  at  which  committees  were  appointed  and 
much  other  routine  and  miscellaneous  business  transacted.  After  the 
disposition  of  these  affairs  the  reading  and  discussion  of  papers  of  the 
printed  program,  under  the  title  of  "General  Subjects"  occupied  the  time 
until  adjournment  at  12  m. 

The  Academy  met  at  2  p.  m.  in  two  sections,  biological  and  physico- 
chemical,  for  the  reading  and  discussion  of  papers.  President  Thoma» 
Gray  presided  over  the  physico-chemical  section  and  Vice-President  C. 
A.  Waldo  over  the  biological  section.  At  5  p.  m.  the  section  meeting 
adjourned  to  meet  in  general  session  of  the  Academy  at  7  p.  m. 

The  Executive  Committee  met  at  5:30  p.  m.,  holding  a  brief  business 
session. 

Academy  met  2  p.  m.  Following  the  disposition  of  committee  reports 
and  the  transaction  of  other  business  the  retiring  president,  Dr.  Thomas 
Gray  addressed  the  Academy  on  "The  Development  of  Electrical 
Science." 

Thursday,  December  30th,  9:20  a.  m.,  the  Academy  met  in  general 
session  for  the  transaction  of  business,  after  which  it  divided  into  sec- 
tions for  the  consideration  of  papers.  President  Gray  actetl  as  chair- 
man of  the  physico-chemical  section,  Vice-l*resident  Waldo  presided  over 
tlie  biological. 

Adjournment  of  physico-chemical  section,  10:20  a.  m. 

Adjournment  of  biological  section,  12:15  p.  m. 
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THE  FIELD  MEETING  OF  1897. 

The  Field  meeting;  of  1SS)7  was  hold  Tlnirsdny  and  Friday.  May  27tli 
and  28th  at  I^afay<»tte.  Indiana.  On  tlu»  evening;  of  the  2Sth  tlie  exerutive 
eouimittee  of  the  At-adeniy  met  and  transacted  miscellaneous  business. 

Thnrsday  morning.  May  27th.  tho  m«'mhers  started  into  the  linld.  j^oinv: 
by  conv««yance  into  tlie  vicinity  of  Battle  (ironnd.  where  they  divided  hito 
sections  for  special  work.  At  noon  all  met  at  Tecumseh's  Trail,  where 
Inneheon  was  .served,  after  whi<-h  tht^  Academy  visited  the  State  Soldiers* 
Home.  On  the  return  to  the  <-ity  the  country  home  <)f  Mr.  Mortimer 
Leverinjr  was  visited,  where  a  reception  was  j^iven  to  the  members. 

Tlnir.sday  evening,  at  8  p.  m..  the  Academy  met  in  the  chai)el  of  l*nr- 
ilne  University  and  was  addressed  by  Dr.  Frederi<*lv  Starr  on  "Dress  and 
Adornment."     Followinjr  the  lecture  a  short  business  session  was  held. 

Friday  morninp.  May  28th.  the  meinlMTs  visited  the  lalKuatories  of 
I*ur<lue  I'niversity,  after  which  they  took  conveyances  and  drove  to  the 
site  i>f  Fort  Ouiateuon.  wlicre  special  tiehl  work  was  done. 

The  Academy  is  jrreatly  indebted  to  the  Lafayette  mend)ers  an<l  their 

friends,  whose  enerjjry  and  jr<'neresity  made  the  tield  meetinjL?  of  1S1>7  a 

« 

marked  success. 


3— Science. 
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PRESIDENT'S  ADDRESS. 


The  Development  of  Electrical  Science. 
By  Thomas  Gray. 

In  a  brief  discoiirso  on  the  developnieni  of  electrical  science,  little  time 
can  be  jdven  to  the  early  history  of  the  subject.  This  part  is  more  or  less 
familiar  to  all  the  members  of  the  academy,  and  hence  it  may  be  passed 
over  by -oiuy  such  brief  reference  as  may  serve  to  recall  to  mind  the  more 
important  of  the  early  discoveries.  The  early  r;ree4vs  have  recorded  some 
elementary  phenomena  now  known  to  be  eU»ctrlc.  and  it  is  probable  that 
such  knowledge  was- not  uncommon,  thoujrh  little  noticed.  It  is  only  in 
comparatively  recent  times  that  scientitic  research  has  taken  the  place  of 
sui^erstition,  and  attempts  have  been  made  to  classify  and  find  reasons 
for  the  existence  of  all  natural  phenomena. 

Beginning  with  the  seventeenth  century,  probably  the  tirst  investigator 
worthy  of  notice  in  this  subject  was  Gilbert  of  ('olchester,  who  published 
his  work  entitled  "De  Magnete*'  In  IfMX).  Gill)ert  made  systematic  experi- 
ments and  showed  that  the  property  of  attracting  light  bodies  could  be 
given  to  a  large  nimiber  of  substances  by  friction.  He  also  showed  that 
the  success  of  the  experiment  depended  largely  upon  the  dryness  of  the 
iKMly.  These  experiments  gave  rise  to  the  classitication  of  substances  as 
electrics  and  non-electrics.  The  true  effect  of  Gilbert's  observations  as  to 
the  effect  of  moisture  was  not  apprieciated  for  a  long  time.  Gilbert's  list 
of  electrics  was  added  to  by  a  numlnn-  of  other  observers,  prominent 
among  whom  was  Bo.vle  and  Newton.  The  fact  that  light  and  sound  ac- 
companies electric  excitation  was  called  attention  to  by  Otto  Von  Gue- 
ricke,  who  also  showed  that  a  light  body,  after  being  brought  into  contact 
with  an  electrified  body,  was  repelled  by  it. 

Coining  now  to  the  eighteenth  century,  we  find  llawkesbee  in  1707,  ami 
Wall  In  1708,  speculating  on  the  similarity  of  the  electric  spark  and  light- 
ning. Then  comes  one  of  the  most  prominent  experimenters  of  this  cen- 
tury—Stephen Gray— who  began  to  publish  in  1720,  and  who  In  1721)  found 
that  certain  substances  would,  and  others  woidd  not,  convey  the  charge 
of  an  electrifled  body  to  a  distance.  These  experiments  were  the  first  to 
introduce  the  distinction  between  conductors  and  non-conductors,  and.  of 


3G 

coui*so,  very  soon  HeiTed  to  explain  the  reason  why  certain  substances 
conld  not  be  electrified  by  friction  when  held  In  the  hand.  Gray  also  made 
the  Important  discovery  that  the  charpe  of  an  electrified  body  Is  proi)or- 
tional  to  Its  surface,  and  this  was  afterward -confirmed  by  the  exi>erlment8 
of  Le  Monnier.  Many  of  (Jray*s  experiments  were  repeated  and  extended 
by  DuFay,  who  found  that  all  bodies  could  be  electrified  by  friction  If  tliey 
were  held  by  an  insulating  substance.  Then  came  the  improvements  of  the ' 
electric  machine  by  Boze  and  Wlnckler:  the  firing  of  infiammatorj'  sul)- 
stances.  such  as  alcohol,  b.v  means  of  the  electric  spark  by  Ludolph.  (Gor- 
don, Miles,  Franklin,  and  others.  Al>out  this  time  <1745)  the  properties 
of  the  Leyden  jar  were  discovered  by  Kleist.  Cuneus.  and  Muschenbroeck; 
and  a  few  years  later  it  was  jriven  practically  its  present  form  by  Sir 
William  Watson.  Then  follows  one  of  the  periods  of  exceptional  activity 
in  electrical  research.  A  party  of  the  Royal  Society,  with  Watson  as  chief 
operator,  made  a  series  of  experiments  having  for  their  obje<*t  the  deter- 
mination of  the  distance  to  which  electrical  ex<*itatlon  could  be  conveyed 
and  the  time  it  takes  in  transit.  They  found,  among  other  things,  that 
several  persons  at  a  distance  apart  miglit  feel  the  eltH'tric  shock  if  they 
formed  part  of  a  circuit  between  the  electrified  iKKly  and  a  ("onductor,  such 
as  the  earth.  Also,  that  tlie  earth  could  l)e  used  to  complete  the  circuit 
in  Leyden  jar  discharges.  Tliey  concluded  that  when  two  observei*s  cou- 
necteil  by  a  conductor  and  at.  say.  two  miles  apart,  obtained  a  shock  by 
one  touching  the  inside  coating  of  a  Leyden  jar  and  the  other  the  earth, 
the  electric  circuit  was  four  miles  long:  that  is.  the  earth  acted  as  a  return 
conductor.  They  also  concluded  that  the  transmission  was  practically  in- 
stantaneous. Watson  had  ideas  as  to  electric  fluids  similar  to  those  which 
were  afterward  systematically  worked  out  by  Franklin.  A  great  many 
curious  and  interesting  exi>eriments  were  made  al)out  this  time;  as.  for 
example,  the  infiuence  of  electrification  on  the  flow  of  water  through  capil- 
lary tul)es  as  discovered  by  Boze;  the  experiments  of  Mowbray  on  tlie  effect 
of  electrification  on  vegetation,  and  those  of  the  Abbe  Monon  on  the  loss  of 
weight  of  animals  when  they  were  kept  electrifitnl  for  a  considerable  time. 
The  effect  of  electrification  on  the  flow  of  water  has  received  consideral>le 
attention  from  eminent  authorities  in  recent  yeai's.  and  that  of  the  effect 
of  electrification  on  the  growth  and  comi)Osition  of  vegetables  is  at  i)res- 
ent  attracting  attention  in  the  form  of  systematic  investigation. 

The  contributions  by  Franklin  are  by  far  the  most  important  which 
mnrk  the  middle  portion,  or  indeed  any  portion,  of  the  eighteenth  century. 
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Pranklin*8  experiments  were  l)egun  about  the  beginning  of  the  year  1747, 
and  seem  to  have  be^en  inspired  by  the  receipt  of  a  Leyden  jar  from  a 
friend.  Mr.  Collinson,  of  London.  He  propounded  the  theory  of  positive 
and  negative  fluids,  which  has  lately,  in  a  modified  form,  been  brought  so 
prominently  into  notice  by  the  writings  of  liodge;  and  he  made  an  investi- 
gation of  the  principle  of  tlie  Leyden  jar.  but  the  most  important  of  his 
researches  relate  to  the  Identification  of  electricity  and  lightning.  The 
probable  Identity  of  the  two  phenomena  had  l)een  hinted  at,  as  we  have 
seen,  by  several  observ(»rs,  but  Franklin  went  systematically  to  work  to 
test  the  hypothesis.  I'nder  date  November  7th,  1749,  the  following  pas- 
sage is  found  in  his  note  book: 

**Electric  fluid  agrees  with  lightning  in  these  particulars:  (1)  Giving 
light;  (2>  Color  of  light:  <H)  Crooked  direction;  (4)  Swift  motion;  (5)  Being 
conducted  by  metals;  (<»)  Crack  or  noise  in  exploding:  (7)  Subsisting  in 
water  or  ice;  (8)  Bending  twdies  in  passing  through:  (9)  Destroying  ani- 
mals; (10)  Melting  metals:  (ID  Firing  Inflammable  sul>stance8;  (12)  Sul- 
phurous smell.  The  electric  fluid  is  attracted  by  i>olnts:  we  do  not  know 
whether  this  property  is  in  lightning,  l)ut  since  they  agree  In  all  the  partlc- 
nlars  wherein  we  can  already  compare  them,  is  It  not  probable  they  agree 
likewise  in  this?    liCt  the  exi)eriment  be  made." 

The  hypothesis  was  elaborated  and  sent  to  his  friend  Collinson.  who 
communicated  It  to  the  Uoyal  Society.  This  Society  rather  ridiculed  Frank- 
lin's Idea  at  first,  but  his  paper  was  published  in  lA)ndon  and  also  In 
France,  and  attracted  considerable  attention. 

The  exi)erlment  was  first  made  in  France  by  M.  d'Allbard,  at  Marie, 
on  May  10th,  1752.  and  repeated  shortly  afterward  by  M.  de  Lor,  In  Paris. 
The  results  of  what  were  called  the  Phlladel[)hia  experiments  were  com- 
mnnlcateil  to  the  Royal  Society  and  caused  iiuite  a  stir  In  scientific  cir- 
cles. It  Is  right  to  say  with  regard  to  the  Koyal  Society,  that  Franklin's 
claims  to  scientific  recognition  were  championed  by  Sir  William  Watson 
and  were  fully  indorsed  by  the  Society  by  Franklin's  election  to  fellow- 
ship and  the  award  of  the  Coi)ley  Medal,  together  with  the  free  donation 
of  the  Society's  transactions  during  his  life. 

Franklin's  own  experiments  with  kites  are  well  known,  as  is  also  the 
method  of  jirotecting  buildings  from  lightning,  which  was  introduced  by 
him  and  Is  still  very  widely  used,  although  it  has  lM»en  greatly  abused  by 
the  lightning-rod  man. 
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During  the  next  decade  Canton  discovered  the  now  commonly  known 
diflference  l)etween  vitreous  and  resinous  electricity.  Beccaria  exi>erl- 
mented  on  the  conducting  power  of  water.  Symmer  made  a  number  of 
exi>erimenta  on  the  electritlcation  of  diflferent  kinds  of  fabrics  by  friction, 
and  propounded  a  theory  of  two  electric  fluids.  Contemporaneous  with 
these  were  a  number  of  other  experimenters  who  added  to  the  stock  of 
knowledge  of  this  class  of  phenomena. 

The  experiments  of  Aepinus  and  others  on  the  pyroelectric  properties 
of  tourmaline  now  iK'gan  to  attract  attentl(»n.  The  experiments  of  the 
Abbe  llatly  are  perhaps  the  most  important  in  this  connection  at  this  stage 
of  the  subject.  He  found  the  polar  i)roperties  of  the  ci^ystal  and  showed 
that  similar  properties  are  possessed  by  a  number  of  other  crystals. 
Aepinus  made  experiments  in  other  branches  of  electricity,  but  he  is 
chiefly  noted  for  his  ingenious  single  fluid  theory  of  electricity. 

Between  the  years  1770  and  1780,  the  electric  organs  of  the  torj)edo  was 
one  of  the  principal  topics  of  discussion.  The  experiuients  of  Walsh  and 
Ingenhousz  were  the  first  to  settle  definitely  the  character  of  the  peculiar 
power  of  the  fish. 

The  experiments  of  Cavendish  belong  to  this  period  and  were  remark- 
able as  lieing  quantitative  in  their  character.  Considering  the  means  at 
his  command,  the  measurements  made  by  this  experimenter  of  the  relative 
conducting  powers  of  various  substances  must  always  excite  admiration. 
Cavendish  also  proved  the  composition  of  water  by  causing  different  pro- 
portions of  oxygen  and  hydrogen  to  unite  by  means  of  tlie  electric  spark. 

We  now  come  to  the  classical  experiments  of  Coulomb,  who  established 
the  law  of  the  variation  of  the  electric  force  with  distance  to  be  that  of  the 
Inverse  square:  a  law  which  had  previously  been  inferred  from  experi- 
ments on  spheres  by  Dr.  Robinson,  who,  however,  did  not  publisli  liis  re- 
sults. Coulomb  made  an  el:il>orate  series  of  experiments  on  the  distribu- 
tion of  electricity  over  cliarg<Ml  condu(ftors  as  influenced  by  shape  and  the 
proximity  of  other  charged  liodies.  His  tlieoretical  and  experimental  work 
formed  the  basis  of  the  mathematical  theory  as  developed  shortly  after- 
wards by  Laplace,  Biot,  and  Poissou;  the  work  of  the  latter  being  particu- 
larly important. 

Toward  the  end  of  the  eighteenth  century  were  made  the  important 
researches  of  Laplace,  I-avoisier,  and  Volta,  and  of  Sausure  on  the  elec- 
tricity produced  by  evaporation  and  combustion.  This  is  a  subject  des- 
tined to  figure  prominently  again  in  the  future;  and  In  its  rise  there  is  in 
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all  probability  involved  the  rapid  decline  in  tlie  imi>ortance  of  the  steam 
engine.  I  should  not  be  surprised  if  many  of  those  present  should  live  to 
see  the  steam  engine  practically  a  thing  of  the  past.  To  the  eighteenth 
century  also  we  must  assign,  the  discovery  of  galvanic  electricity,  as  the 
famous  frog  experiments  were  made  in  1790;  practically,  however,  no  de- 
velopment was  made  until  Volta's  work  attracted  the  attention  of  the 
scientific  world.  At  the  beginning  of  the  nineteenth  century,  then,  we  find 
the  subjects  of  greatest  interest  were  the  discoveries  of  Volta  and  the  in- 
vention of  the  voltaic  pile.  Then  followed  almost  immediately  the  discov- 
ery of  Nicholson  and  Carlisle  of  the  decomposition  of  water  by  the  voltaic 
current.  This  discovery  was  followed  a  few  years  later  by  the  discovery 
of  Sir  Humphrey  Davy  of  the  decomposition  of  the  alkalic*s  and  the  separa- 
tion of  metallic  sodium  and  potassium.  Thus  the  subject  of  electrolysis 
was  fairly  launched,  and  what  it  has  grown  to  we  will  see  later. 

Can  there  be  some  inter-relation  between  electricity  and  magnetism  was 
now  the  query.  The  first  positive  answer  seems  to  have  been  given  by 
Romagnesi  in  a  work  published  in  1805,  but  little  or  no  notice  appears  to 
have  been  taken  of  this;  certainly  no  progress  was  made  in  the  subject  till 
1820,  when  Oersted  made  his  famous  experiment  before  his  class.  By  that 
exi>eriment  he  proved  that  a  wire  carrying  an  electric  current  will,  when 
properly  placed,  deflect  a  magnetic  needle.  The  subject  was  almost  im- 
mediately taken  up  by  Ampere,  and  in  a  few  months  many  of  tlie  impor- 
tant consequences  which  Oersted's  discovery  involved  were  develoi>ed.  Am- 
pere's work  on  the  action  of  currents  on  currents  and  on  miignets.  is  class- 
ical and  is  still  treated  as  i)art  of  the  fundaihental  basis  for  the  theoi*y  of 
electro-dynamics.  An  account  of  his  work  may  therefon*  be  found  in  al- 
most any  of  the  numerous  text-books  on  electricity.  The  conclusions 
reached  by  Ampere  w€»re  confirmed  by  Wel)er.  by  a  series  of  much  more 
refined  experiments.  To  Weber  also  we  owe  improvements  in  galvano- 
meters. The  same  year  marks  the  discovery  by  Arago  that  a  current  can 
not  only  deflect  a  magnet,  but  that  it  is  ca|)al>le  of  producing  one  by  mag- 
netizing steel  needles.  Tlie  further  disc(»vcry  was  made  four  years  later 
by  Sturgeon  that  soft  iron,  although  incapable  of  making  a  strong  perma- 
nent magnet,  is  much  more  susceptible  to  magnetization  l)y  the  electric 
current.  Arago  aL««o  made  alKiut  tills  time  the  important  discovery  that  if 
a  needle  l>e  suspend€»d  above  a  coi)per  disc  and  the  disc  rotated,  the  needle 
will  be  dragged  round  witli  tlie  disc.  This  was  not  explained  for  some 
years,  but  seems  to  have  lH»en    the  first    discovery  of  induced    currents. 
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riiest*  i'xperiiuents  mark  the  dlHcovery  of  electro- in jipnetisin  and  bejjin 
one  of  the  most  important  t»ra8  in  eltH»trical  diseover.v,  and  one  in  which 
many  eminent  authorities  participated.  Among  the  many  advances 
may  be  mentioned  tlie  exi>eriments  by  Henry  on  the  relative  effects  of  dif- 
ferent windings  on  the  strength  of  an  electro-magnet.  lie  dedn<'ed  the 
fact  that  the  magnetizing  action  might  be  increased  either  by  increasing 
the  number  of  windings,  the  current  remaining  tlie  same:  or  by  increasing 
the  current  the  windings  remaining  the  same.  He  pointed  out  tlie  applica- 
tion of  this  to  intensity  and  quantity  arrangement  of  the  battery,  and  also 
the  importance  of  the  intensity  winding  for  the  transmission  of  magnetiz- 
ing power  to  a  distance,  as  in  telegrai)hy.  The  incr<»astMl  effect  dut»  to  in- 
creasing the  numlKM*  of  windings  on  th«»  coil  of  a  galvanoscope  had  been 
previously  pointed  out  by  Schweigger,  and  the  discovery  is  embodied  in 
Schweiggor's  galvanoscope. 

In  1821,  Faraday  l)egan  his  researches  and  many  important  discoveries 
were  made  by  him.  The  main  guiding  idea  in  Faraday's  work  was  the  pos- 
sibility of  obtaining  electricity  from  magnetism,  and  in  g(»neral  the  dis- 
covery of  the  inter-relation  l)etween  the  two.  In  this  connection.  Arago  s 
discovery  of  the  rotation  of  a  copper  disc  b.v  the  rotation  of  a  magnet 
alK)ve  it  is  of  great  importance,  ])ecause  among  other  things  Faraday  set 
himself  to  explain  this.  The  result  was  the  discovery  of  the  commuta- 
torless  dynamo  or  Faraday  disc.  In  view  of  modern  developments,  prob- 
ably the  most  important  of  Faraday's  discoveries  was  that  of  the  pro- 
duction of  a  current  in  a  circuit  when  a  ciUTent  is  either  established  or 
varied  in  strength  in  an  adjacent  circuit.  This  was  followed  by  the  dis- 
covery that  relative  motion  of  two  circuits,  one  of  which  carried  a  current, 
poduced  a  ciu'rent  in  the  other,  and  that  the  motion  of  a  magnet  in  the 
neighborhood  of  a  circuit  i)roduced  a  current  in  the  circuit.  Another  Im- 
portant discovery  by  Faraday  was  that  of  the  quantitative  laws  which 
govern  electrolj'tic  decomposition,  thus  giving  us  our  electro-chemical 
equivalents. 

At  this  time  I^enz  was  led  by  experiment  to  the  discovery  of  his  cele- 
brated law  of  induction,  namely,  that  the  current  produced  always  in  turn 
produces  forces  tending  to  opi>ose  the  change.  For  example,  if  a  current 
be  induced  in  a  coil  by  bringing  a  magnet  toward  it,  the  mutual  action  be- 
tween the  magnet  and  the  current  is  to  oppose  the  magnet's  approach. 
This  is  important  when  looked  at  from  the  point  of  view  of  the  conservation 
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of  enerpy.  or  aw  an  arjrument  against  perpetual  motion.  Lenz's  law  is,  of 
couree,  when  the  actions  are  properly  understood,  a  eonsetiuence  of  New- 
ton's third  law  of  motion. 

Discoveries  similar  to  those  of  Karaday  as  to  induced  currents  were 
made  almost  simultaneously  by  Heniy  in  this  coimtry.  We  have  in  the 
discoveries  of  Faraday  and  Henry  the  fundamental  information  required 
for  nearly  the  whole  of  our  recent  developments  in  dynamo-electric  jren- 
erators  and  electric  motors,  but  it  waM  reserved  for  the  next  generation  to 
develop  them.  This  development  we  owe  in  no  small  degree  to  the  splen- 
did exiK>sition  of  Faraday's  discoveries  and  their  consequences,  contained 
In  Maxwell's  liook  on  electricity  and  magnetism. 

Going  back  for  a  mhiute  to  1822,  we  have*  to  notice  another  important 
discoverj"  namely,  the  thermo-el(»ctric  coui)le  by  Seebeck.  There  followed 
almost  immediately  the  im[)ortant  experiments  of  humming,  who  showcni 
that  the  thermo-electric  order  of  the  metals  is  not  the  same  at  a41  temi)era- 
tiires.  The  next  important  discovery  in  thermo-electricity  was  that  by  Pel- 
tier of  the  heat  generated  at  the  junction  of  two  metals  when  a  current  Is 
formed  across  it  against  the  e.  m.  f.  of  the  junction.  In  later  years  we 
have  the  <'lassic  researches  of  Thomson  (Kelvin),  who  added  thermo-elec- 
tric convection  and  the  si)ecitic  heat  of  electricity,  and  gave  the  thermo- 
elcK'tric  diagram  method  of  rejiresenting  r(»sults.  This  methoil  was  after- 
ward used  and  extended  by  Tait,  who  added  a  good  deal  to  our  knowl- 
edge of  thermo-electric  data.  Among  tlie  large  number  of  others  who  have 
worked  in  this  tield,  we  may  mention  Hecqu(M*el.  Magnus.  Matthieson, 
Leroux,  and  Avenarius.  Thermo-electric  batteries  of  considerable  power 
have  l>een  made  by  (*lamond  and  others. 

In  1827  the  celebrated  law  giving  the  relation  lietween  e.  m.  f.  resist- 
ance and  current  was  publish<'d  by  Ohm  in  a  paper  on  the  uuithematical 
thtH)ry  of  the  (Salvanic  circuit.  The  theory  has  Ihmmi  sometimes  criticised, 
but  it  seems  to  Ih»  absolutely  certain  that  the  law  is  almost  exact,  and  it 
has  i)rove<l  to  1h»  of  the  gn»atest  iuqiortance  in  the  further  development  of 
the  subject  of  electric  measurements.  The  subject  had,  aliout  the  middle 
of  the  century,  reached  a  stage  in  which  it  was  (lossible  to  develop  almost 
completely  the  nmthematical  tlHH>ry  as  we  now  have  it.  Most  of  the  work 
since  Faraday's  time  has  Ihhmi  largely  directed  toward  <iuantitative  meas- 
urements and  the  furnishing  of  exact  data  to  answer  (luestions  as  to  how 
much  in  various  cases.  F.  K.  Neumann  discovered  what  he  called  the  po- 
tential function  (now  callcMl  the  coetticient  of  avW  and  mutual  induction) 
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of  one  current  on  another  and  on  itself,  and  succeeded  in  giving  a  theory 
of  induction  whicli  was  in  accordance  with  the  experimental  laws.  The 
laws  were  afterward  experimentally  verified  by  Weber.  In  1849  the  ex- 
periments of  KirchhoflP  on  the  absolute  value  of  the  current  induced  in 
circuit  by  another,  and  In  the  same  year  Edmund's  experiments  on 
self  and  mutual  induction,  are  important.  In  1851  Helmholtz  gave  a 
mathematical  theory  of  this  part  of  the  subject  which  he  supplemented 
with  an  experimental  verification. 

One  of  the  most  important  of  the  series  of  experiments  made  by  Henry 
was  on  the  oscillatory  character  of  the  discharge  from  a  Leyden  jar.  This 
he  discovered  from  the  eflfect  of  the  discharge  on  a  steel  needle  suiTounded 
by  a  coil  through  which  the  current  was  made  to  pass.  The  results  of 
these  experiments  were  communicated  to  the  A.  A.  A.  S.  in  1850,  but  he 
ivuew  of  the  effect  much  earlier,  certainly  in  1842.  Previously  the  anom- 
alous behavior  of  the  discharge  of  a  jar  when  used  to  magnetize  steel 
needles  had  been  noticed,  but  was  attributed,  I  believe,  to  some  peculiarity 
of  the  steel.  Henry  was  the  first  to  appreciate  the  true  reason,  although 
he  could  hardly  at  that  time  be  expected  to  sec  the  great  importance  of  his 
discovery. 

Helmholtz  in  1847  suggests  that  the  discharge  of  I^eyden  jars  may  be 
of  the  nature  of  a  backward  and  forward  movement.  There  is  a  curious 
parallelism  in  the  work  of  several  investigators  about  this  time,  and  par- 
ticularly in  that  of  Helmholtz  and  Thomson.  In  the  Philosophical  Maga- 
zine for  1855  there  is  a  paper  by  Prof.  W.  Thomson  (Kelvin)  in  which  the 
theory  of  the  discharge  of  a  I^eyden  jar  is  discussed  and  the  prediction 
made  that  under  certain  specified  conditions  the  discharge  must  be  oscil- 
latory. A  number  of  similar  papers  going  back  to  1848  treat  of  similar 
subjects.  Henry's  results  do  not  appear  to  have  become  generally  known, 
and  we  find  the  verification  of  Thomson's  prediction  in  1857  by  Feddersen. 
A  number  of  otlier  pliysicists  have  investigated  the  subject,  the  work  of 
Schiller  being  of  particular  value.  The  recent  applications  will  be  referred 
to  later. 

The  mathefnatical  theory  of  electrostatics  and  magnetism  was  greatly 
extended  about  this  time  by  Thomson  and  others,  and  received  its  most 
complete  statement  at  the  hands  of  Maxwell  in  his  papers  read  before 
the  Koyal  Society  and  in  his  book  published  in  1873,  still  the  standard  of 
reference.  Very  little  has  since  been  discovered  which  was  not  fore- 
shadowed by  Maxwell's  theory  or  contained  in  his  equations  which  have 
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been  found  general  enough  to  cover  almost  everything,  although  experi- 
ment has  generally  been  necessary  to  suggest  the  consequences  of  the 
theory. 

The  practical  applications  of  elcctricjty  have  played  a  most  important 
part  in  the  development  of  the  subject  in  the  last  sixty  years.  Indeed, 
a  great  part  of  the  work  of  these  years  has  had  some  practical  api)lica- 
tlon  in  view.  One  of  the  lirst  of  these  practical  applications  was  that  of 
telegraphy.  The  telegraph,  being  one  of  the  earliest  of  the  practical  de- 
velopments, naturally  had  a  great  effect  in  stimulating  the  advance  in 
knowledge  of  electricity,  and  hence  I  give  a  somewhat  fuller  sketch  of  the 
early  history  than  space  will  permit  for  the  later  applications.  The  dis- 
covery of  Stephen  Gray  in  1729,  that  the  electrical  influence  could  be  con- 
veyed to  a  distance  by  means  of  an  insulated  wire,  is  i>robably  the  first 
discovery  of  direct  influence  in  connection  with  telegraphy.  As  a  result 
of  this  discovery  and  the  investigations  which  followed  it,  a  considerable 
number  of  proposals  were  made  as  to  the  use  of  the  electrical  force  for 
the  transmission  of  intelligence.  The  first  of  these  of  which  I  have  found 
any  record  was  made  in  1737  by  Charles  Morrison,  a  Scotchman,  and 
there  followed  other  proiwsals  for  electrostatic  telegraphs  by  Bo^olus  in 
1767,  Le  Sage  in  1774,  Lomond  in  1787,  by  Betancourt  in  the  same  year, 
by  Reizen  in  1794,  Cavallo  in  1795,  and  liy  Konolds  in  1810. 

The  discovery  of  voltaic  electricity,  and  most  directly  the  discovery 
by  Nicholson  and  Carlisle  of  electrolysis,  gave  rise  to  another  group  of 
proposals  for  the  application  of  this  discovery  to  the  production  of  a  tele- 
graph. Among  those  may  be  mentioned  that  of  Sommering  in  18(>9,  of 
Coxe  in  1810,  and  of  Shari>e  in  1813.  In  more  recent  years  of  course  tlie 
8ame  application  appears  in  the  chemical  telegraphs,  some  of  which  are 
capable  of  giving  very  satisfactory  results  and  great  speed. 

The  discovery  which  had  the  greatest  influence  on  the  development 
of  telegraphy  was  that  of  Oersted,  supplemented  by  the  work  of  Schweig- 
ger  and  Ampere.  Ampere  proi>osed  a  multiple-wire  telegraph  with  gal- 
Tanoscope  indicators  in  1820,  and  a  modification  was  constructed  by 
Ritchie.  A  single  circuit  telegrai»h  of  this  character  was  invented  in  1828 
by  Tribaoillet,  but  did  not  come  into  use.  In  1832  Schilling's  five-needle 
telegraph  api)eared,  and  he  also  used  a  single-ntHMlle  instrument;  but  his 
early  death  stopped  further  progress.     In  1833  Schilling's  telegraph  was 
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fleveloiied  to  some  extent  ])y  Gauss  and  Weber,  wlio  used  It  for  exi>eri- 
niental  purposes.  The  followiujr  <iuotation  referring?  to  Gauss  and  WelM>r'8 
telegraph,  from  Poppendorf's  Annalen.  Is  of  cousldernble  historical 
interest: 

"There  is.  In  eoimection  with  these  arranjrements.  a  jrreat.  and  until 
now  in  its  way  novel,  project,  for  which  we  are  Indebted  to  Professor 
Weber.  This  };entleman  erected  durlujr  the  past  year  a  double-wire  line 
over  the  houses  of  the  town  ((lOttlujreni  from  the  Physical  Cabinet  to  the 
Oliservatorj',  and  lately  a  continuation  from  the  latter  building  to  the  Mag- 
netic* Observatory.  Thus  an  immense  galvanic  chain  is  formed,  in  which 
the  galvanic  current,  the  two  multipliers  at  tlie  ends  l)eing  included,  has  to 
travel  a  distance  of  nearly  9,<X)()  (Prussian)  feet.  The  line  wire  is  mostly 
of  copper  of  that  known  as  *No.  3.'  of  which  one  meter  weighs  eight 
grammes.  The  wire  of  the  multii)llers  in  the  magnetic  observatory  of  cop- 
per 'No.  14,'  silvered,  of  wliich  one  meter  weighs  2.r»  grammes.  This 
arrangement  prondses  to  offer  oi)portunitles  for  a  numlKM*  of  interesting 
experiments.  We  regard,  not  without  admiration,  how  a  single  pair  of 
plates,  brought  into  contact  at  the  further  end.  instantaneously  communl- 
cat(*s  a  movement  to  the  magnetic  l)ar,  whicli  is  detlecte<l  at  once  for  over 
a  thousand  divisions  of  the  si-ale."  Further  on  in  the  same  paper:  "The 
ease  with  which  the  manipulator  lias  the  magnetic  netMlle  in  his  com- 
mand, by  means  of  the  communicator,  had  a  year  ago  suggested  experi- 
ments of  an  application  to  telegraplih*  signaling,  which,  with  whole  words 
and  even  short  sentences.  <-ompletely  suceiH'ded.  Then*  Is  no  doubt  that 
It  would  l>e  possible  to  arrange  an  uninterrupted  teU»grapli  eommunlca- 
tlon  in  the  same  way  between  two  places  at  a  considerable  number  of 
miles  distance  from  eacli  other." 

The  method  of  i)roduclng  the  currents  in  Gauss  and  Weber's  experi- 
ments was  an  application  of  the  important  discoveries  of  Faraday  and 
Henry  above  referred  to.  in  the  Induction  of  current  by  currents  and  by 
magnets.  On  tlic  recommendation  of  (lauss  the  telegrapli  was  taken  up 
by  Steinheil  wlio.  following  their  example,  also  used  indu<ed  currents. 
The  important  contributions  of  Steinheil  were  the  discovery  of  the  earth 
return  circuit,  the  invention  of  a  telegraphic  alphal>et  and  a  recording 
telegraph.  Steinlicil  contributes  an  account  of  his  telegrapli  to  Sturgeon's 
Annals  of  Electricity,  in  which  the  relative  merits  of  scopic.  recording, 
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and  acoustic  telepraphs  are  dlHciissed;  and  the  advantajres.  which  experi- 
ence has  since  broiijcht  into  prominence,  of  tlie  acoustic  form  is 
pointed  out. 

Schilling's  telegraph  was  exhibited  at  a  meeting  of  (Jerman  naturalists 
held  at  Bonn  in  1S35,  and  was  there  seen  by  I'rof.  Muncke  of  IIeidell»erg. 
who,  after  his  return  to  Heldellierg,  made  models  of  the  telegraph  and 
exhibited  them  in  his  class  room.  These  models  were  seen  by  Cooke  in 
the  early  part  of  IKHk  and  gave  him  the  idea  of  introducing  the  electric 
telegraph  In  England,  (,'ooke  afterward  became  associat<*<l  with  Wheat- 
stone,  and  a  large  numlM*r  of  ingenious  arrangements  for  telegraphing 
was  the  result.  Many  of  the  later  developments  by  Wheatstone  are  still 
iu  use  and  are  hard  to  beat. 

Steinheil  appears  to  have  been  anticipated  in  the  idea  of  making  the 
telegraph  self-recording  by  Morse,  who,  according  to  evidence  brought 
forward  by  himself,  thought  out  some  arrangements  as  early  as  1S32. 
Exac-tly  what  Morse's  tirst  ideas  were  seems  somewhat  doubtful,  and  he 
«lid  nothing  till  lK^i>.  whrn  1h»  ma<le  a  rough  model  of  an  electro-magnetic 
re<-ording  telegi-aph.  Morse's  me<*hanical  arrangements  were  of  little  merit 
and  his  alphabet  and  metliod  of  int(>rpretation  by  a  dictionary  was  clumsy 
and  ineonvenient.  The  cliief  point  of  interest  in  coiine<'tlon  with  the  early 
history  of  the  Morse  telegraph  was  the  proposal  to  make  use  of  Sturgeon's 
«lisrovery  of  electro-magnetism  of  soft  iron.  Morse,  however,  seems  to 
have  known  prartically  nothing  of  the  subject  except  that  iron  could  Im» 
magnetized  by  a  current,  and  in  consulting  his  colleague,  l)r.  (iale,  he  was 
unwittingly  led  to  use  the  discoveries  of  Henry  who  had  previously  practi- 
cally solved  the  whole  problem.  Much  of  the  subse(iuent  improvements 
in  the  mechancial  arrangements  were  due  to  Vail,  who  became  a.ssodated 
with  Morse,  and  the  Morse  co<le  as  we  now  know  it  was  almost.  If  not 
entirely,  worked  out  by  Vail.  Considerable  dispute  and  some  lltlgatl(»n 
arose  over  Morse's  claims,  but  that  is  outsi<le  our  present  subject.  There 
is  no  doubt  that  the  ele<-tri<-  telegraph  was  a  sh)W  growth,  inventors,  with 
a  view  to  pecuniary  and  other  advantage,  being  ever  ready  to  lay  hold  of 
each  scientitic  discovery  and  try  to  turn  it  to  account.  The  (luestion,  who 
first  conceived  the  idea,  can  never  l>e  satisfactorily  answered.  After  1840 
there  Is  little  to  reconl  of  a  imrely  electrical  character  bearing  only  on 
telegraphy,  but  there  have  lM»en  many  very  ingenious  mechanical  contriv- 
ances introduced  for  recording  signals,  for  reproducing  pictures  and  han<l- 
writing,  and  for  printing,  for  duplexing.  <iua<lruplexing.  and  multiplexing 
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tele^aph  lines,  for  increasiu}?  the  rate  of  signaling,  and  in  many  ways 
Increasing  the  expedition  with  which  messages  can  be  sent.  Of  course 
the  success  of  many  of  these  contrivances  and  even  their  invention  de- 
pended on  increased  knowledge  of  the  laws  of  electricity  and  magnetism. 
For  example,  effective  duplexing.  <iuadruplexing.  etc.,  depends  on  a  proper 
understanding  of  the  elTect  of  the  electrostatic  capacity-  of  the  line,  and 
this  was  not  understood  properly  until  the  mathematical  investigations  of 
Thomson  and  others  cleared  the  matter  up.  For  the  impetus  toward  dis- 
covery in  this  direction,  again,  we  are  largely  indebted  to  telegraphy,  for 
much  of  that  class  of  work  was  suggested  by  the  difficulties  encountered 
in  signaling  through  long  submarine  cables. 

The  invention  of  tlie  telephone  is  fast  becoming  ancient  history,  yet  it 
will  always  mark  one  of  the  greatest  of  the  useful  applications  of  elec- 
tricity. It  does  not  call  for  more  than  a  passing  remark  here.  Ix^cause 
electro-magnetically  it  is  all  in  Faraday  and  Henry's  papers.  The  radio- 
phone should  be  mentioned  because  it  marks  the  application  of  the  dis- 
covery by  May  and  Smith  of  the  effect  of  light  on  the  resistance  of 
selenium.  This  effect  has  since  been  found  in  the  case  of  a  large  number 
of  other  substances,  but  it  ,is  still  an  interesting  field  for  research.  A 
number  of  exi)eriments  on  this  subject  have  been  associated  with  attempts 
to  make  things  visible  at  a  distance.  No  doubt  it  will  ultimately  be  pos- 
sible not  only  to  talk  to  a  distant  party,  but  also  to  see  the  party  talked 
to,  and  thus,  as  it  were,  look  the  party  in  the  eye  witli  whom  you  are 
conversing. 

The  subject  of  telegraphy  is  closely  associated  with  the  present  excel- 
lent sjstem  of  electrical  measurements  and  with  the  invention  of  many  of 
our  most  delicate  measuring  instruments.  As  the  applications  of  electricity 
Increased  there  gradually  grew  up  a  new  branch  of  engineering,  a  branch, 
however,  in  which  the  foot  rule,  pound  weight,  dironometer  and  ther- 
mometer were  not  sufficient.  Other  standards  of  measurement  were  re- 
quired in  order  that  (piantities  <*ould  Ih»  gauge<l  and  consistent  work  done. 
The  way  to  connect  the  measurement  of  the  new  (luantities  with  tlit*  units 
already  in  use  in  dynamics  had  l»een  iK»inted  out  by  (4auss  and  otliers, 
and  at  the  suggestion  of  Thomson  the  Britisli  Association  appointed  a 
committee  in  1861  to  determine  the  best  standard  of  electrical  resistance. 
This  led  to  an  unex|)ected  amount  of  work,  not  only  on  a  standard  of  re- 
sistance, but  also  (»n  the  general  subject  of  electrical  measurements.  The 
committee  regretted  at  the  en<l  of  tlie  tirst  year  tliat  it  could  not  give  a 
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tinal  report,  but  hoped  that  the  inherent  difficulty  and  importance  of  the 
subject  would  sufficiently  account  for  the  delay.  It  can  hardly  be  said 
that  the  final  report  has  yet  been  forthcoming,  as  a  committee  with  some 
of  the  original  members  in  it  still  exists  and  reports  regularly  every  year 
on  valuable  work  done  by  it  The  committee  worlted  energetically  for  a 
number  of  years,  not  only  on  the  standard  of  resistance,  but  on  those  of 
current  electro-motive  force  and  capacity.  It  incidentally  supplied  a  great 
deal  of  quantitative  data  on  a  number  of  subjects  and  particularly  as  to 
the  permanency  of  alloys,  the  variation  of  their  resistance  with  tempera- 
ture as  depending  on  their  composition,  and  so  forth.  In  looking  over  the 
results  of  the  early  work  of  the  British  Association  committee  one  is  apt 
to  indulge  in  adverse  criticism.  It  is  hard  for  many  of  the  younger  work- 
ers to  appreciate  the  difliculties  which  are  met  in  a  first  attempt.  It  would 
be  equally  just  to  congratulate  ourseA-es  that  we  have  better  marksmen 
to-day  than  there  were  fifty  years  ago,  without  making  allowance  for  the 
modern  rifle. 

The  first  absolute  determination  of  resistance  was  probably  that  made 
by  Kirchhoff  al)out  fifty  years  ago.  Weber  published  his  method  in  1852, 
and  then  came  the  British  Association's  determination  by  Maxwell,  Stew- 
ait  and  Jeukin  in  1863.  Neither  of  these  were  very  exact,  but  they  paved 
the  way  for  the  splendid  exhibitions  of  experimental  skill  which  followed. 
Among  those  to  whom  we  are  most  indebted  for  this  later  work  may  be 
mentioned  Kohlrausch,  Rayleigh,  Glazebrook,  Rowland,  Wiedemann,  Mas- 
cart,  etc.  The  greatest  step  in  advance  in  recent  years  has  been  the  in- 
vention of  the  revolving  disc  method  by  Lorenz  of  Copenhagen,  and  its 
subsefiuent  improvement  and  application  by  himself  and  by  J.  V.  Jones. 
The  determinations  made  by  the  latter  by  this  method  are  probably  al- 
most absolutely  correct. 

A  subject  which  has  attracted  much  attention  comes  in  incidentally  here, 
namely,  the  electro-magnetic  theory  of  light  propagation  suggested  by 
Maxwell.  According  to  this  theory  the  ratio  of  the  electro-magnetic  unit 
of  quantity  of  electricity  to  the  electrostatic  unit  ought  to  l>e  the  same  as 
the  velocity  of  light  In  1868  a  determination  of  this  ratio  was  made  by 
McKichan  under  Lord  Kelvin's  direction  and  gave  ch>se  agreement  with 
the  theory.  Since  that  time  determinations  have  l)een  made  by  various 
methods  by  Maxwell,  Shida,  Ayrton  and  Perry,  J.  J.  Thomson,  Rosa, 
Lodge,  Glazebrook  and  others,  with  the  result  that  the  ratio  of  the  two 
units  does  not  differ  from  the  velocity  of  light  by  as  much  as  the  probable 
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error  of  observation.  The  work  here  referred  to  may  not  appear  to  lx» 
very  directly  associated  with  the  determination  of  standards  of  measure- 
ment. It  is,  however,  one  of  the  investigations  which  has  l)een  made 
possible  by  the  work  of  the  British  Association  committee  in  the  produc- 
tion of  instruments  of  precision.  Prominent  amonji:  these  instruments 
stands  the  Kelvin  electrometers  and  particularly  the  absolute  electrometer 
which  was  described  in  the  report  of  the  British  Association  committee  in 
1867. 

Another  subject  of  jri'^^t  interest  in  itself  and  in  connection  with  Max- 
well's theory  is  that  of  the  specific  inductive  capacity  of  dielectrics. 
Experiments  on  this  subject  were  made  by  Faraday,  but  comparatively 
little  was  done  l>efore  1870,  in  which  year  an  excellent  paper  was  commu- 
nicated to  the  Uoyal  Society  by  Gibson  andBarclay  on  the  specific  induct- 
ive capacity  of  paraffin.  Since  that.time  much  good  work  has  been  done  by 
Boltzmann.  Hopkinson,  Quincke,  Silow,  Klemencie,  Negreano  and  others. 
The  theoretical  importance  of  these  experiments  is  due  to  the  fact  that  ac- 
cording to  Maxwell's  theory  the  specific  inductive  capacity  of  noumagnetiir 
dielectrics  should  be  proportional  to  the  s<iuares  of  their  Indices  of  refrac- 
tion. A  wonderful  verification  of  Maxwell's  theory  was  carried  out  only 
some  ten  years  ago  by  Hertz,  who  showed  not  only  that  electrical  waves 
exist,  but  also  how  to  measure  their  wave  length  and  period.  We  have  in 
these  experiments  splendi<l  illustrations  of  the  oscillatory  discharge  re- 
ferred to  above  as  discovered  by  Henry  and  predicted  by  Thomson,  and 
as  a  result  several  new  ways  of  determining  electrical  tiuantities  have 
been  developed.  It  is  now  possible,  for  example,  to  compare  the  capacity 
of  condensers  by  means  of  oscillatory  currents  of  exceedingly  short  period 
and  thus  to  determine  the  dielectric  constants  of  many  materials  to  which 
the  older  methods  were  not  easily  applicable. 

It  is  somewhat  ditticult  to  decide. where  to  ])lace  a  reference  to  the  re- 
cent discovery  of  Kfintgen  and  its  developments  in  ])hotography.  but  prob- 
ably it  comes  in  well  here.  Just  how  to  apply  Maxwell's  equatiiuis  to 
Uruitgen's  rays  is  not  yet  (piite  clear,  but  there  is  no  doubt  as  to  the  great 
imi>ortance  of  the  discovery. 

As  an  outcome  of  all  this  activity  in  the  determinatitm  of  standards 
and  in  the  absolute  measurement  of  the  electric  properties  of  materials, 
combined  with  the  great  commercial  demand  produc(Ml  by  the  introduction 
of  dynamo  machinery,  we  have  now  many  excellent  instruments  at  our 
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ilisposnl  foi*  absolute  luensiirouieut  and  suitable  either  for  practical  appli- 
catioiiH  or  for  the  most  refined  laboratory  work.  For  the  production  of 
these  wv  are  indebted  to  a  host  of  inventors.  Prominent  anions  them  may 
Jh»  mentioned  I-K>rd  Kelvin,  Lord  Uayleijrh,  Ayrton  and  Perry,  Mather, 
Swinburne,  Cardew  and  Weston. 

Ma{rnet<»-electric  and  tlynamo-€4ectric  jr^nerators  and  motors  have  now 
iKM-ouie  St)  comm<»n  that  we  are  apt  to  forjret  that  their  introduction  on 
an  extensive  scale  has  onl.v  taken  a  few  years.  Faraday's  disc  dynamo 
was,  as  has  already  lM*en  stated,  produced  in  1881,  and  a  machine  for  gen- 
eratinj:  elc»ctricity  was  made  by  Pixii  in  the  following  year.  Pixii's 
machine  consi.ste<l  of  a  horseshoe  pernuiiient  nuignet,  which  was  rotated 
in  such  a  way  that  its  \h)Ws  passed  alternately  in  fnmt  of  the  poles  of  a 
similar  electro-magnet.  An  alternating  current  was  thus  induced  In  the 
circuit  which  in(*luded  the  coils  of  the  ehnrtro-uiagnet.  This  machine  was 
improved  by  Clarke,  who  revolve<l  the  coils  and  put  a  commutator  on  the 
axle.  Other  machines  were  made  or  suggested  by  various  physicists,  and 
an  imitortant  observation,  which  has  since  been  frequently  overlooked, 
was  made  at  this  time  by  .lacobi.  who  pointed  out  the  importance  (»f 
making  the  t-ores  of  the  c<m1  short.  Sturgeon  in  18Ji5  made  a  dynamo  with 
a  shuttle-shaped  armature:  a  similar  form  has  long  been  Identitie<l  with 
the  name  of  Siemens.  Woolrich  made  a  multipolar  magneto  machine 
in  1841  for  electroplating,  and  Wheatstone  al)out  this  time  produced  his 
small  multipolar  magneto  long  used  for  telegraph  purposes.  In  1S4."> 
Wheatstone  and  Cooke  patented  the  use  of  electro-magnets  in  place  of  the 
permanent  magnets,  ami  Krett  suggested  in  1848  that  the  current  from  the 
machine  might  be  ma<le  to  pass  round  a  coil  surrounding  the  nuignet  and 
thus  increase  its  strength.  A  similar  suggestion  was  independently  made 
in  1851  by  Siusteden.  In  184i>  Pulvermacher  proposed  the  use  of  thin 
laminae  of  iron  for  the  cores  of  the  uuignet,  a  proposition  which  has  since, 
but  probably  for  a  dilTerent  reason.  lH»en  almost  universally  a<lopted. 
Sinsteden  used  iron  wire  cores  and  made  a  number  of  experiments  on 
the  effect  of  varying  the  i)ole  face.  About  this  time  another  class  of 
machines  was  proposed  by  Ritchie.  Page  and  Dujardin.  In  these  ma- 
chines lK)th  the  magnets  and  the  coils  were  to  l)e  statlcmary,  but  tlie  mag- 
netism was  to  be  varied  by  revolving  soft  iron  pieces  in  front  of  the  poles. 
Modern  representatives  of  these  machines  are  to  be  found  in  the  dynamos 
of  Kingdon.  Stanley  and  others.     All  the  machines  up  to  this  time  had 
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been  of  very  small  dimensions,  but  in  1849  Nollet  began  the  construction 
of  an  alternating  machine  on  a  larger  scale,  but  died  before  it  was  com- 
pleted.    Machines  of  Nollet*s  type  were  afterward  made  by  Holmes  and 
by  the  Compagnie  d* Alliance  of  Paris,  the  latter  being  called  the  Alliance 
machine.     The  machines  were  used  for  light-house  purposes.     Holmes's 
earlier  machines  were  continuous  current,  but  later  he  left  out  the  com- 
mutator and  still  later  again  introduced  it  on  part  of  the  coils  for  the  pur- 
pose of  obtaining  current  to  excite  his  field  magnets.     This  latter  plan 
was  introduced  after  the  self-exciting  principle  had  been  introduced  by 
Siemens  and  by  Wheatstone.     A  remarkable  machine,  historically,  was 
patented  in  1848  by  Iljorth.     In  this  machine  a  combination  of  the  per- 
manent and  electro-magnet  was  used— the  first  to  give  magnetism  enough 
to  produce  a  current  with  which  to  excite  the  other.    A  similar  idea  was 
developed  fifteen  years  later  by  Wilde  with  this  difference,  that  the  per- 
manent magnet  part  was^a  separate  machine.    The  idea  of  using  part  of 
the  current  from  the  armature  to  excite  or  partially  excite  the  field  mag- 
nets was  at  this  time  in  the  minds  of  a  number  of  workers,  and  some 
remarkable  machines  were  patented  by  the  brothers  Varley,  one  of  which 
containing  both  a  shunt  and  a  series  winding  has  been  held  by  some  to  an- 
ticipate the  compound  winding  now  in  use.     In  1867  it  seems  to  have 
occurred  independentlj'  to  Wheatstone  and  to  W^emer  Siemens  that  the 
permanent  magnet  part  of  the  Hjorth  and  Wilde  machines  might  be  dis- 
pensed with,  the  residual  magnetism  being  used  to  start  the  action.    Sie- 
mens gave  the  name  dynamo-electric  machine  to  this  type,  and  it  has 
stuck.     In  order  to  diminish  the  fluctuations  in  the  strength  of  the  cur- 
rent during  one  revolution  of  the  armature,  Paclnotti  devised  his  multi- 
grooved  armature  machine  In  1864.    This  machine  did  not  receive  the  no- 
tice it  desened  for  a  number  of  years,  and  in  the  meantime  Gramme 
produced  his  smooth-ring  armature  in  1870.    Gramme's  machine  was  soon 
recognized  as  being  of  great  merit  and  its  gradual  introduction  gave  rise 
to  increased  activity.    In  1873  the  Hefner  Alteneck  improvements  on  the 
Siemens  armature  were  introduced,  and  in  the  remaining  70*8  quite  a 
number  of  forms  of  dynamos  were  invented,  the  Lontin  type,  introduced 
in  1875.  with  improvement  in  subsequent  years,  being  one  of  the  best. 
The  early  80's  saw  tremendous  activity.     The  patent  offices  in  Europe 
and  America  were  flooded  with  Inventions  of  various  types  of  dynamos 
and  motors,  of  lamps  for  electric  lighting,  etc.    It  is  curious  how  few  of 
these  madiines  have  stood  the  test  of  time  and  how  well  the  old  types  of 
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Pacinotti,  Gramme,  Siemeus,  Alteneck  and  I^ntiu  in  some  one  of  their 
modifications  hold  the  field.  Great  progress  has  been  made  in  the  last 
fifteen  years.  Machines  have  assumed  enormous  proportions,  and  the 
number  of  branches  of  industry  to  wliioh  they  have  l)een  applied  is  now 
very  large.  Much  has  been  learned  during  this  time,  particularly  with 
regard  to  alternating  currents  and  their  ai»plicntion  to  the  transmission 
of  power,  the  introduction  of  multiphase  systems  being  of  considerable 
importance  in  this  connection.  In  the  direction  of  high  potential  and 
great  fre<iuency  the  worli  of  E.  Thomson  and  of  Tesla  Is  of  great  interest. 
Of  the  application  of  electricit.v  to  the  production  of  light  and  heat  little 
need  be  said  in  this  connection.  The  difficulties  to  be  overcome  were 
largely  mechanical,  and  with  the  progress  made  we  are  all  familiar.  As 
regards  primary  batteries  there  has  been,  of  course,  as  we  all  know,  con- 
siderable progress  since  tiie  time  of  Volta.  Tlie  number  of  forms  brought 
Into  use  has  been  enormous,  and  they  have  been  important  in  increasing 
our  knowledge  of  the  relative  electro-motive  force  of  various  combinations 
and  in  their  bearing  on  cliemical  knowledge.  It  can  hardly  be  said  tliat 
an  ideal  prinuiry  battery  has  yet  been  obtained  when  we  look  at  tlie  sub- 
jCH't  from  a  commercial  point  of  view.  Although  the  subject  is  not  very 
much  to  the  front  at  present,  liowever.  it  Is  destined  to  come  again,  and 
I  have  no  doubt  it  will  he  in  a  comparatively  shoi-t  time  one  of  our  lead- 
ing in<liLstries.  The  work  of  rinnte  and  of  Faure  and  others  on  sec- 
ondary batteries  has  been  of  great  value  commercially.  They  gave  rise 
to  several  chemical  problems,  but  tlie  main  ditticulty  here  also  has  been 
of  a  mechanical  kind,  and  they  have  not  added  much  to  the  knowle<lge  of 
electrical  laws. 

The  transformation  of  alternating  current  from  high  to  low  potential, 
and  vice  versa,  by  me.'ins  of  what  are  commonly  called  transformers,  has 
shown  another  remarkable  development  of  Faraday's  discovery  of  induced 
currents.  The  application  of  transformers  has  made  it  possible  to  dis- 
tribute electrical  energy  over  large  areas  in  a  moderately  economical 
manner  and  incidentally  has  led  to  considerable  increase  in  the  knowledge 
of  the  magnetic  i)ropertios  (»f  iron.  One  of  tlic  most  important  of  the  ap- 
plications of  electricity  is  that  of  elect ro-clHMuistry.  The  chemical  action 
of  the  electric  spark  was  noticed  by  V(m  Groest  and  Dieman  in  IT.'W)  in 
the  decomposition  of  water.  Becarri,  about  the  middle  of  the  eightt»enth 
century,  obtained  metals  from  oxides  through  whi<*h  the  spark  had  passed. 
and    in  1778   Priestley  noted  the  pnjduction  of  an  acid   gas   when   the 
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electric  spark  was  passed  through  air.  Siuiilar  exix^rinients  were  made 
by  Caveudifih  and  Von  Maruni  with  decomposed  ammonia.  It  is  not.  how- 
ever, till  after  the  discovery  of  the  voltaic  cell  that  the  subject  of  electro- 
lysis really  begins.  1  have  already  referred  to  the  discovery  of  Nicholson 
and  Carlisle  In  18(H)  and  to  the  subsequent  work  of  Davy  and  Faraday. 
The  peculiar  phenomena  of  the  api)ea ranee  of  separated  elements  only  at 
the  end  plates  In  the  electrolytic  cell  led  to  <*<msiderable  speculation  and 
was  explained  by  (Jrothuss  on  the  sui)posltion  that  the  molecules  sepa- 
rated into  two  parts,  one  i)osltlvely  and  the  other  negatively  electrifled, 
and  that  these  parts  formed  a  chain  l>etween  the  plates  along  which  chem- 
ical action  traveled  by  a  continual  interchange  of  mates,  the  end  parts 
going  to  the  plates.  This  theory  was  held  for  many  years  and  is  still  to 
be  found  in  some  text  lK)oks.  Faraday's  work  is  by  the  far  the  most 
valuable  of  the  early  contributions  to  tliis  subje4't.  lie  gave  the  following 
laws: 

"The  amount  of  chemical  decomposition  in  electrolysis  is  proix)rtlonal 
to  the  current  and  the  time  of  its  action. 

•'The  mass  of  an  ion  liberated  by  a  definite  quantity  of  electricity  is 
directly  proi)ortional  to  its  chemical  e<iulvalent  weight. 

"The  quantity  of  electricity  which  is  retiuired  to  decompose  a  certain 
amount  of  an"  electrolyte  is  e(iual  to  the  (luantity  which  would  be  ])ro- 
duce<l  by  recombining  the  separated  Ions  In  a  battery." 

These  laws  are  all  of  the  greatest  lmi)ortance,  an<l  the  last  one  clearly 
])oints  out  the  rev(»rsibility  of  the  (»lectrical  process.  By  forcing  a  current 
through  an  eh'ctrolyte  it  is  decomposed  and  the  mutual  potential  energy 
of  the  fonq)onents  ronsequently  increased.  By  allowing  the  <M)mpouents 
to  n'combine  in  a  battery  the  mutual  potential  energy  is  reduced  and'  a 
current  of  electricity  is  the  result.  An  excellent  Illustration  of  this  action 
Is  exhibited  by  the  secondary  battery. 

In  1857  Clausius  gave  a  theory  of  electrolysis  and  at  t lie  same  time  re- 
viewed the  weaknesses  of  the  hypotheses  of  Grothuss  and  others.  Clausius 
assumes  that  the  molecules  of  the  liquid  are  In  continual  motion,  that  Im- 
pacts frequently  occur  which  produce  t(»mporary  dissociation,  leaving 
atomic  groups  charged  with  opposite  electricities,  and  that  during  these 
separations  any  directive  agency  such  as  an  e.  m.  f.  Is  able  to  cause  a 
motion  of  these  atoms  in  opposite  directions.     This  Is  probably  the  first 
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indieatiou  of  the  idea  of  the  purely  (Mreotive  eharaeter  of  the  applied 
eleetro-motlve  force,  takinji;  advantap^e  of  dissociation  to  produce  chemical 
separation. 

The  euerjfy  side Of  the  problem  now  l>effan  to  attract  attention  and  the 
development  of  what  may  vbe  called  the  thermo-dynaniics  of  electro- 
chemistry l>e}2:an.  Anion};  the  most  ]>rominent  workers  in  the  ti(»ld  have 
l)een  Joule,  Hehnholtz.  (libbs,  Kelvin,  Bosscha  and  Faure.  In  1853  Ilit- 
torf  made  quantitative  determinations  of  the  chanjre  of  ctmcentratlon 
near  the  electrodes  when  a  current  is  passed  through  a  solution.  His  work 
is  of  historical  Interest  been  use  his  work  and  conclusions  formed  prac- 
tically the  starting  point  for  what  may  be  called  the  modern  view  of 
electrolysis.  Hittorf's  experiments  extended  over  several  years  and  served 
pra4-tically  t(»  establish  the  theory  of  the  mijrration  of  the  ions  in  the  solu- 
tion.    Hittorf  communicated  the  foHowinj^  laws: 

"The  chancre  in  <-oncentration  due  to  current  is  determine<l  by  the  mo- 
thm  whlcii  the  ions  have  In  the  un<'han^ed  solution. 

•'Tlu*  unlike  ions  must  have  ^lifTerent  velocities  to  produce  such  chanj^e 
of  concentration. 

"The  numbers  whhh  exi)ress  Ionic  velocities  mean  the  relative  distance 
throu);h  which  the  Ions  move  l>etw<»en  the  salt  molecules,  or  express  their 
relative  velocities  in  reference  to  the  solution,  the  change  In  concentration 
l»eing  a  functi<m  of  the  relative  hmic  velocities." 

Hitt<u*rs  analyses  enabled  him  to  jrive  numerical  values  to  these  rela- 
tive velocities.  The  exi)eriments  of  Xernst,  Loeb  and  others  have  ex- 
tended Illttorf'h  results  and  have  shown  that  In  dilute  solutions  the 
relative  vehu-Ities  of  the  Ions  are  Independent  of  the  dilference  of  poten- 
tial between  the  electrodes  and  are  only  slightly,  if  at  all.  influenced  by 
temperature.  Hittorf  pointed  out  that  a  knowledge  of  the  conductivity  of 
electrolytes  should  give  valuable  Information  In  reference  to  the  nature 
of  electrolytic  action.  A  great  deal  of  work  has  been  done  In  this  direc- 
tion by  Horsford,  Weidemann.  Beez.  the  Kohlrausches  and  others.  The 
most  notable.  i)erhaps,  was  the  work  of  I*.  Kohlrausch.  who  devised  a 
method  of  measunMuent,  using  alternating  currents,  by  which  results  of 
high  accuracy  were  obtained.  Kohlraus<'h's  results  give  the  sum  of  the 
ionic  velocities.  an<l  thus  combined  with  the  results  of  Hittorf  on  change 
of  concentration,  wliich  gave  the  ratios,  tlie  absolute  velocities  can  be  ob- 
tainetl.  It  appears  from  these  results  that  the  velocity  of  the  ions  in  very 
dilute  solutions  depends  only  on  Its  own  nature  and  not  upon  the  nature  of 
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the  other  ions  with  which  it  may  be  associated.  For  example,  tlie  velocity 
of  the  chlorine  ion  is  the  same  when  determined  from  solutions  of  K  CI, 
Na  CI  or  H  CI.  The  important  general  law  has  also  been  found  that  the 
conductivities  of  neutral  salts  are  additively  made  up  of  two  values,  one 
dependent  on  the  positive,  the  other  upon  the  negative  ion.  If  then  the 
velocities  of  the  ions  themselves  be  known  the  conductivity  of  a  salt  may 
be  calculated.  The  results  of  Kohlrausch  received  strong  confirmation 
from  some  very  ingenious  experiments  by  Lodge  and  Wetham,  in  which 
the  migration  of  the  ions  was  made  to  produce  a  change  of  color  in  the 
solution  and  could  thus  be  directly  observed. 

In  1887  the  theory  was  advanced  by  Arrhenius  and  Ostwald  that  disso- 
ciation is  directly  effected  by  solution  or  fusion,  and  that  in  very  dilute 
solutions  the  dissociation  is  practically  complete.  Arrhenius  holds  that 
the  ions  carry  charges  of  electricity,  positive  or  negative,  dependent  upon 
their  nature,  but  of  equal  quantity  in  every  ion.  The  remaining  part  of 
the  theory  is  similar  to  that  of  Clausius  and  others.  According  to  this 
theory  the  ratio  of  conductivities  for  different  densities  of  solution  gives 
a  measure  of  the  relative  dissociation  or  ionization.  If  the  act  of  solution 
affects  the  dissociation  necessary  to  admit  electrolysis,  chemically  pure 
substances  ought  not  to  be  decomposed  by  the  electric  current  and  this 
is  found  to  be  the  case.  It  is  curious  that  two  substances  like  hydro- 
chloric acid  and  water,  which  separately  are  insulators,  should  when 
mixed  conduct  readily,  and  that  practically  only  one  of  them  should  be 
decomposed.  This,  however,  is  only  one  of  the  many  problems  still  to  be 
solved.  Another  question  is,  how  do  the  ions  obtain  their*  electric  charge Z 
Still  another,  what  is  the  nature  of  the  force  which  causes  ionization? 
There  are  manj^  more. 

When  we  turn  to  the  commercial  applications  of  electro-chemistry  we 
are  met  with  the  astonishing  evidences  of  activity.  Only  twenty  years 
ago  there  was  comparatively  little  evidence  of  the  importance  of  this 
branch  of  applied  electricity.  At  the  electrical  exhibition  in  1881  electro- 
chemistry was  apparently  of  comparatively  little  prominence.  A  factory 
which  could  annually  produce  a  few  hundred  tons  of  copper  electro- 
lytically  was  considered  a  wonder.  The  production  of  thousands  of  tons 
a  month  is  beginning  to  be  looked  upon  as  commonplace.  TJiere  is 
scarcely  a  metal  which  cannot  be  deposited  electrolj'tically  with  compar- 
ative ease,  and  the  prices  of  some  of  the  rarer  metals  are  going  down 
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rapidly.  Zinc  used  to  be  considered  a  difficult  metal  to  deposit  success- 
fully. It  is  now  produced  in  some  of  the  Australian  mines  in  almost  a 
pure  state  from  refractory  ores  at  the  rate  of  thousands  of  tons  per  an- 
num. Similarly  the  old  method  of  galvanizing  is  rapidly  disappearing 
and  electro-deposition  is  talcing  its  place,  and  this  metal  is  now  so  de- 
posited on  the  hulls  of  ships,  on  anchors  and  other  smaller  articles  cheaply 
and  perfectly.  A  new  industry  has  practically  sprung  up,  and  there  is 
every  indication  that  the  technical  chemist  of  the  near  future  will  have  to 
take  an  inferior  place  unless  he  be  also  well  versed  in  electricity  and  elec- 
trical appliances.  This  branch  of  applied  science  is  revolutionizing  many 
things.  It  has  within  a  few  years  produced  an  enormous  improvement  in 
our  magazine  illustrations  and  has  at  the  same  time  reduced  the  cost  of 
this  kind  of  literature  and  of  atlases  and  charts  enormously.  Electro- 
chemistry is  now  used  on  a  large  scale  for  the  production  of  bleaching 
materials,  chlorate  of  potash,  alkalies,  coloring  matters,  antiseptics  like 
iodoform,  anaesthetics  like  chloroform,  etc.— in  fact,  it  is  getting  to  be 
difficult  even  to  enumerate  the  manufactures  in  which  it  is  used.  It  has 
revolutionized  the  extraction  of  gold,  and  plants  of  enormous  capacity  are 
now  in  use  in  some  of  the  gold  fields,  tlie  poorest  ores  and  tailings  bein^ 
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made  to  yield  up  almost  the  last  trace  of  the  precious  metal.  The  production 
of  ozone  bj^  the  ton,  the  purification  of  sewage,  the  sterilization  of  water 
are  all  accomplished  facts.  Some  progress  has  even  been  made  in  the 
introduction  of  chemicals  through  animal  tissue  by  electrolysis  or  cata- 
phoresis,  and  Rontgen  has  shown  us  how  to  see  through  the  body. 

Then,  again,  we  have  got  the  electric  furnace,  and  with  it  the  power 
to  fuse  almost  the  most  refractory  substances.  In  this  waj'  alumi- 
num is  now  produced  at  a  few  cents  a  pound,  whereas  most  of  us  can 
remember  when  its  price  had  to  be  reckoned  in  hundreds  of  dollars.  In 
a  similar  way  phosphorus  is  now  produced  on  a  large  scale,  as  is  also 
various  carbides,  carborundum,  acetylene,  etc. 

It  is  impossible  to  look  back  over  the  history  of  electricity  and  its 
applications  and  notice  the  apparent  geometric  ratio  in  which  advances 
are  heing  made  and  not  to  speculate  on  what  a  giant  this  science  is 
going  to  become  in  another  quarter  of  a  century.  Undoubtedly  no  one 
can  study  this  one  branch  of  science  without  being  persuaded  of  the  great 
value  of  scientific  work  for  the  advancement  of  human  euteii>rise. 
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Lake  Maxinkijckee  Soundings.     By  J.  T.  Scovell. 

Lake  Maxinkuckoe  Is  situated  in  Marsliall  County,  Indiana.  It  oc- 
cupies parts  of  sections  15,  16,  21,  22,  27,  28  and  34  of  township  32,  north 
of  range  1.  east  of  the  second  principal  meridian.  The  lake  is  a  little  more 
tlian  two  and  a  half  miles  long  from  north  to  south,  and  is  a  trifle  over 
one  and  a  half  miles  wide.  It  has  an  area  of  about  1,9(H)  acres.  The  lake 
is  quite  uniform  in  outline.  Long  Toint,  on  the  west,  forming  the  only 
acute  angle  in  its  gently-curving  shore  lines.  There  are  three  small  inlets 
on  the  east,  and  its  surplus  waters  are  drained  into  the  Tippecanoe  River 
through  a  sluggish  outlet  from  the  west  side  of  the  lake.  On  the  north 
and  east  there  is  considerable  boulder  clay,  but  in  general  the  soils  and 
subsoils  are  sand  and  gravel.  Nearly  one-half  of  the  shore  line  is  low, 
the  balance  rising  abruptly  into  low  hills  which  in  some  instances  reach 
an  elevation  of  50  or  CA)  feet  above  the  waters  of  the  lake.  The  low  lands 
along  the  lake  are  not  extensive;  in  fact,  the  drainage  area  is  scarcely 
larger  than  the  lake  itself.  The  "Inlet."  a  small  stream  which  entei*s  the 
southeast  angle  of  the  lake,  is  onlj'  al)out  three  miles  long,  and  its  valley 
is  generally  narrow.  The  little  creek  that  comes  in  from  the  northeast 
drains  but  a  small  area.  Except  along  these  streams  the  lake  divide  is 
seldom  more  than  a  half  mile  from  the  lake.  While  the  shores  are  some- 
times low  and  the  water  shallow,  the  bottom  along  shore  is  generally  hard 
sand  or  gravel.  The  l>oulder  clay,  the  hills  of, sand  and  gravel,  the  granite 
boulders  and  the  numerous  kettle  holes  signify  that  the  surface  features 
of  the  region  about  Lake  Maxinkuckee  are  <lue  to  glacial  action.  Is  the 
lake  a  series  of  great  kettle  holes  or  is  it  i»art  of  an  old  drainage  channel? 
What  is  tlie  form  and  substance  of  its  l>edV  What  kinds  of  vegetation 
and  animal  life  occur  in  its  waters,  and  what  is  its  ca|>acity  for  the 
supiMU't  of  foo<l  and  game  fishes V  A  systematic  sounding  of  the  lake 
seemed  necessary  to  an  answer  of  tliese  questions. 

In  ISJMJ  I  drew  an  outline  of  the  lake  from  the  meander  notes  of  the 
original  survey,  on  a  scaie  of  8.8  indies  per  mile  or  <K)  feet  to  the  inch. 
Early  in  August,  181)7.  when  1  went  to  tiie  lake  to  commence  sounding, 
I  found  Professor  C.  H.  Drybread,  with  Mr.  W.  A.  Denny  and  Mr.  I)e- 
laskie  Smith,  from  the  State  I'nivei*sity.  already  at  work  locating  lines 
preliminary  to  the  actual  work  of  making  the  soundings.  They  made 
seventeen  lines  of  soundings  across  the  lake,  ten  from  east  to  west  and 
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s^^veii  fnun  north  to  south.  In  jrenenil  the  soundings  were  jilon^r  huid 
Hiirvey  lines  8<»  rods  apart.  The  distance  between  soundings  alon>r  these 
lines  was  ttfteeu  oar  strokes.  In  sonndin>:''the.v  used  a  block  of  Iron  for 
a  sinker  and  a  fine  wire  for  a  line.  The  wire  was  wound  upon  a  wlieel 
of  known  cir<*iimference.  and  measurements  were  calculated  from  the 
number  of  turns  made  in  winding  up  the  line.  While  soundlnj;  Professor 
l^rybread  did  the  rowing.  Mr.  Smith  made  tlie  soundings  and  Mr.  Denny 
kept  the  rec*ord.  Professor  Drybread  made  a  sk(»tch  map  and  platte<l  in 
the  work  from  day  to  day.  making  protiles  of  the  lines,  which  frecpiently 
suggested  mistakes,  so  that  several  lines  were  worked  over  a  second 
time.  In  all,  the  party  made  nearly,  live  hundred  soundings.  The  party 
worked  carefully,  and  the  sounding  was  done  as  accurately  as  possible 
under  the  circumstances.  A  study  of  their  work  reveals  some  of  the  dif- 
ficulties which  hinder  accuracy  In  such  lines  of  work.  Knowing  the 
length  of  the  line  and  the  number  of  stations,  it  was  easy  to  calculate  the 
average  distance  l)etween  stations.  This  distance  varied  on  the  different 
lines  from  19()  feet  to  3(K»  feet  and  Professor  Drybread's  oar  strokes  varied 
from  13  to  20  feet  in  length.  This  was  doubtless  mainly  due  to  rough 
water  and  wind,  perhaps  partly  to  the  length  of  some  of  the  lin€»s.  On 
the  line  running  nortli  across  I^ong  Point  the  distance  lK»twecn  sta- 
tions on  the  south  was  2<i7  feet  where  the  water  was  quiet,  while 
north  of  the  point  in  rough  water  the  average  distance  was  2.*W  feet.  The 
longest  strokes  were  on  the  north  line  of  section  34.  where  the  water  was 
quiet  and  the  line  short.  In  rough  water  it  was  difficult  to  hold  the  boat 
in  position  while  the  sounding  was  made.  If  the  strokes  were  uniform 
for  the  whole  length  of  the  line  there  would  be  no  difficulty,  but  the  Irreg- 
ularity might  reach  each  extreme  of  variation  along  any  one  of  the  longer 
lines,  involving  variations  of  at  least  50  feet  from  the  average.  We  found 
places  in  Lake  Maxlnkuckee  where  a  distance  of  50  feet  meant  a  differ-, 
ence  of  25  or  30  feet  in  depth.  Another  source  of  error  was  in  the  difft- 
culty  of  following  the  lines.  The  lines  were  so  long  that  it  was  not 
possible  to  see  the  tiags  or  signals,  and  It  is  not  easy  to  follow  a  line 
closely  when  rowing  by  a  compass,  especially  when  a  stop  and  start  must 
be  made  every  250  feet.  This  method  of  sounding,  of  course,  does  not 
aim  at  the  accuracy  attained  by  the  coast  survey,  with  their  retined  in- 
struments and  methods,  but  It  should  be  accurate  at  least  within  50 
feet  in  distance.  To  insure  this  degree  of  accuracy  the  work  must  be 
done  on  quiet  water  and  along  short  lines,  so  that  the  man  at  tlie  oars 
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may  do  uuiform  work.  All  the  lines  in  lK)tb  directions  should  Ik*  well 
marked  with  flags  nud  buoys,  so  that  there  may  be  a  check  on  the  distance 
and  alignment  every  8^)  rods.  Or  the  alignment  might  be  directed  by  a 
man  from  the  shore,  who.  standing  on  a  little  elevation,  could  guide  a  boat 
over  a  line  from  one  to  two  miles  long.  The  check  in  distance  at  every 
quarter-mile  line  would,  I  think,  insure  sufficient  accuracy.  After  sketch- 
ing in  the  work  of  Professor  Dry  bread's  party  I  made  about  100  five  and 
ten-feet  soundings  befween  those  made  by  Professor  Drybread,  so  that  the 
five  and  ten-fei»t  contour  lines  were  run  in  from  soundings  that  were  only 
about  40  rods  apart. 

At  first  thought  one  would  suppose  that  {)()0  soundings  would  be  suffi- 
cient to  show  well  the  topography  of  the  lake  bed.  With  this  data 
Professors  Eigenmann  and  Drybread  attempted  to  draw  contour  lines  that 
would  represent  the  lake  bed,  but  they  found  many  questionable  iKiints. 
Almost  every  one  of  the  quarter-mile  areas  not  soundtnl  furnished  doubt- 
ful regions.  In  exploring  these  doubtful  regions  I  made  alx>ut  1(H>  deep- 
water  soundings  and  reconhnl  alwut  75  shallow-water  soundings, 
made  while  running  out  the  outlines  of  sand  bars.  In  work  on  the  sand 
bars  record  was  made  of  stakes  located.  an<l  not  of  the  hundreds  of  trial 
soundings  necessary  to  follow  the  edges  of  the  bars.  The  que8tion-i>oints 
for  the  north  half  of  the  lake  are  nearly  all  auswertMl.  But  the  record 
made  by  the  scmnding  rod  or  line  is  not  quite  satisfactory.  I  discovered 
mistakes  enough  in  the  work  done  to  make  me  wonder  if  there  were  not 
mistakes  that  I  did  not  discover. 

During  the  summer  the  lake  water  is  more  or  less  tiu-bid  with  vegetation 
and  animal  life,  so  that  even  in  shoal  water  one  can  gain  but  little  in- 
formation through  the  sense  of  sight.  In  the  autunm  or  early  spring  the 
water  is  clear  and  the  shallow  water  can  be  traced  easily  by  the  eye.  I 
shall  not  feel  satisfied  with  the  work  until  1  can  confirm  all  shallow-water 
work  by  the  sense  of  sight.  Nearly  JjMK)  soundings  have  Ijeen  made  and 
doubtless  200  more  will  be  necessary  to  give  a  satisfactory  idea  of  the 
irregularities  of  the  bed  of  Lake  Maxinkuckee. 

The  deepest  water  found  was  85  feet,  in  the  northwest  quarter  of  the 
southwest  (luarter  of  section  22.  and  the  water  over  the  west  lialf  of  the 
northwest  <iuarter  of  section  22  is  for  the  most  part  over  00  feet  in  depth, 
and  the  east  half  of  the  soutiieast  ipiarter  of  section  21  seems  to  be  cov- 
ered with  water  over  (W)  feet  deep,  the  deep  l>asin  of  the  lake  being  the 
west  half  of  tlie  west  half  of  section  22  and  the  east  half  of  the  southeast 
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quarter  of  section  21— something;  over  2(X)  acres.  Probably  more  than  one- 
half  the  area  of  the  lake  is  less  than  12  feet  deep.  Much  of  the  bed  of  the 
lake  is  hard  sand  and  gravel,  much  is  fine  black  nnid  and  some  is  white 
mud.  The  mud  Is  sometimes  from  four  to  six  feet  deep  and  very  thin. 
Much  of  the  be<l  is  covere<l  with  chara,  sometimes  of  stunted  growth, 
but  often  the  growth  is  luxuriant,  stems  two  and  three  feet  long  being 
common.  The  bar  in  the  centei*  of  the  w(»st  half  of  section  22  is  covered 
with  from  10  to  12  feet  of  water  and  the  surface  of  the  bar  is  covered  with 
a  mat  of  chara  from  12  to  18  inches  thick,  that  was  so  firm  as  to  make  the 
work  of  sounding  difficult.  There  are  several  different  species  of  pota- 
mageton  growing  in  the  lake.  They  grow  in  water  of  different  depths, 
so  that  my  oarsman  could  tell  about  the  depth  from  the  kind  of  wee<l. 
Large  areas  are  covered  with  different  spe<*i«'s  of  bullrushes;  pi<'kerel  weed 
is  abundant  and  so  is  Vallisneria  spiralis  and  IVltandra  inidulata.  I  was 
able  to  majce  a  list  of  Ifj.*^  plants  and  trees  found  in  and  around  the  lake. 


Photometric  Measurements  of  Different  Samples  of  Oil. 

By  Charles  T.  Knipp, 

It  was  a  question  in  my  mind  for  some  time  whether  the  difference  in 
the  different  grades  of  oil  warrants  the  difl^rence  in  the  price— whether 
AVhile  Seal  oil  is  worth  five  cents  more  per  gallon  than  Eosene  oil,  and  if 
so,  what  particular  quality  gives  it  its  value. 

The  test  was  a  simple  one,  yet  it  required  care  and  time  ia  taking  the 
observations  to  insure  accurate  results.  Five  samples  of  oil  were  fur- 
nished by  the  local  dealers.  The  oil  was  taken  from  large  storing  tanks 
and  can  be  considered  quite  pure.  Each  sample  was  tested  for  its  quality 
and  quantity  of  light,  its  specific  gravity  and  its  "fiashing  point." 

The  photometric  test  was  made  on  a  Bunsen  photometer  bar  adjusted 
to  100  Inches  between  centers.  The  oil  was  burned  in  a  student's  lamp 
and  balanced  against  an  incandescent  lamp  burning  at  110  volts.  The 
voltage  was  controlled  by  a  rheostat.  A  new  wick  was  used  for  each 
sample  and  the  lamp  was  allowed  to  burn  for  a  few  hours  before  the 
measurements  began.  In  order  to  keep  the  lamp  burning  at  a  constant 
candle  iwwer,  readings  were  taken  on  the  bar  at  intervals  of  fifteen 
minutes.  The  test  for  each  sample  extended  over  from  five  to  seven 
hours. 
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The  C.  P.  of  the  standard  at  110  V.  wan  taken  as  IG. 

The  «i>eelflc  j?ravity  was  determined  by  a  hydrometer  and  also  by 
weighing  on  a  delicate  balance. 

In  determining  the  flashing  point  the  open-vessel  method  was  use4l. 
The  oil  was  put  into  a  porcelain  evaporating  dish  and  slowly  heated.  It 
was  constantly  stiri*ed  with  a  thermometer.  A  small  Jet  burning  at  the  end 
of  a  glass  tul)e  was  held  a  half  inch  above  the  surface,  and  the  flashing 
point  noted.    Each  sample  was  tested  in  this  way  four  or  five  times. 

The  table  on  the  op|)osite  page  shows  the  results  of  the  observation. 

The  flashing  point  of  safe  oil  should  not  he  less  than  alK>ut  115° 
F.  or  46**  C.  having  a  gravity  of  from  40**  B.  to  50**  B.  The  above 
oils,  in  my  test,  all  come  within  the  safety  limit  except  the  last  sample, 
whose  flashing  point  tested  44:37  C.    Of  the  above  the  White  Seal  and  the 

■ 

Eosene  are  held  as  the  best  grades,  the  others  are  cheaper  grades.  The 
White  Seal  retails  for  20  cents,  the  Eosene  for  15  cents  and  the. Headlight 
for  10  cents.  Noting  the  flashing  iK)ints  of  the  three  samples  it  would 
appear  that  the  cheapest  oil  is  the  safest.  The  samples  tested  are  all  safe 
with  the  exception  of  the  last  sample,  and  as  far  as  quantity  and  quality 
of  light  are  concerned  there  is  but  little  difference. 
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Pure  Yeast  in  Bread.     By  Katherine  E.  Golden. 

SiiK-e  tht^  iutiMxlurtioii  by  Hansen  of  i»nrt'  yeast  into  lH)ttoui  fermenta- 
tion hrewinjr  its  use  has  si>read  to  top  fermentation  brewinjr.  to  distilleries, 
and  in  laot,  to  all  industries  in  which  f<;rmentation  tenters  as  a  factor. 
This  almost  universal  emi)loyment  is  due  to  the  jjrreat  benetlts  which 
accrue  from  the  use  of  tlie  pure  culture.  After  methods  had  been  devised 
for  the  separation  of  the  yeasts  it  was  determined  that  many  which  dif- 
fered from  one  another  very  slijrlitly,  if  at  all.  morpholo^jjically.  possessed 
very  distinct  properties  when  considered  physiolojjically.  This  was  shown 
UKjre  particularly  in  the  by-i)roducts  formed.  Many  yeasts  which  give 
practically  the  same  aIc<>liolic  fermentation  differ  very  materially  in  the 
characteristics  which  they  impart  to  beer,  so  that  it  was  determined  that 
the  flavor  or  "Iwuquet"  of  a  beer  was  due  jM-imarily  to  the  yeast:  that 
by  chanjring  the  yeast.  Iveepinjr  all  tlie  otlier  conditions  constant,  a  differ- 
ent beer  could  be  produced. 

The  use  of  the  i»ure  y<'ast  has  wc)rlved  to  tlie  great  advantage  of  the 
brewer,  for  after  a  yeast  has  been  selected  and  careful  consideration 
given  to  its  being  kept  free  from  foreign  organisms  during  the  brewing, 
absolute  certainty  is  felt  as  to  the  resulting  lu'oduct,  detlnite  strength  of 
alcohol  is  o1)tained  and  a  constant  flavor  insured;  moreover,  the  product 
can  be  kept  indeflnitely  without  deterioration,  and  can  be  duplicated  when 
desired.  It  is  evitlent  that  where  pure  yeast  is  used,  ela]>orate  methods 
for  keeping  and  storing  can  b<^  dispensed  with,  for  with  the  absence  of 
foreign  organisms  there  is  nothing  present  in  the  beer  to  cause  it  to  de- 
teriorate. 

The  use  of  the  piu'c  yeast  has  worked  to  the  a<lvantage  of  distillers  and 
others  as  well  as  brewers,  for  in  distilleries  a  greater  per  cent,  of  alcohol 
Is  obtained  and  in  the  pressed  yeast  factories  a  higher  yield  of  yeast 
results.  • 

To  determine  whether  the  same  atlvantages  which  have  been  obtained 
in  other  fermentation  industries  vo\\U\  not  be  obtained  also  in  bread  fer- 
mentation, experiments  were  made  along  this  line.  The  experiments  are 
merely  outlined  in  this  paper,  no  details  being  given. 

First,  market  yeasts  were  examiue<l  microscoi)ically,  chemically  and 
in  plate  cultures.  As  a  rule,  the  moist  cakes,  when  taken  fresh,  had  a 
small  per  cent,  of  dead-yeast  cells,  but   had  present  many   moulds  and 
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bacteria.  The  dry  cakes  had  few  moulds,  but  had  a  large  number  of  bac- 
teria. All  the  dry  cakes  had  alum  present,  not  in  sufficient  quantity  to 
act  on  the  bread,  but  the  alum  evidently  had  been  used  as  an  antiseptic  in 
the  mash.  Slack  sponges  were  also  made  of  the  yeasts,  and  showed 
marked  variations  as  regards  time  and  extent  of  fermentation.  This  is  a 
test  that  could  be  made  easily  by  the  housekeeper. 

Pure  cultures  were  then  made  of  the  yeasts.  For  this  there  were  used 
eight  moist  cakes,  six  dry  cakes,  six  yeasts  from  the  air  (four  of  these 
being  red  yeasts),  two  from  cider,  one  from  flour,  four  from  fruits  (grape, 
guava.  persimmon  and  apple),  two  separated  from  corn  smut  and  two 
from  beer,  making  31  in  all.  The  pure  yeasts  were  tested  (1)  for  gas 
production,  for  which  <i)urpose  beer  wort  was  used  in  fermentation  tubes: 
(2)  for  their  action  in  solutions  of  sugars— sucrose,  dextrose,  lactose  and 
maltose;  (3)  to  determine  the  death  limit  of  temperature  for  young  and 
old  cells;  (4)  for  their  fermentative  action  in  slack  sponges  and  stiff 
doughs,  the  latter  being  baked  so  as  to  determine  the  flavor  imparted  to 
the  bread. 

The  j-easts  were  examined  microscoi)ically.  and  it  was  found  that  nui- 
terial  differences  existed  among  some,  while  others  were  so  much  alike 
as  to  be  indistinguishable  from  one  another.  The  wild  yeasts  and  those 
from  the  dry  cakes  were,  in  general,  smaller  than  .those  from  the  moist 
cakes,  and  they  also  developed  a  film  sooner.  The  yeasts  from  the  moist 
cakes  were  large  and  resembled  the  beer  yeasts.  The  appearance  of  the 
yeasts  when  grown  on  solid  media  will  sometimes  show  variations  that 
aid  in  the  determination. 

In  gas  production  there  was  also  much  difference,  the  moist  cakes  and 
"beer  yeasts  producing  more  gas  and  in  a  shorter  time,  as  a  rule,  tlmn  the 
othei*s.    Some  of  the  air  yeasts  produced  no  gas. 

In  the  sugar  solutions  there  were  peculiarities  appeared,  in  that  certain 
yeasts  would  grow  vigorously  hi  one  sugar  and  not  in  another,  the  yeasts 
showing  different  preferences. 

For  determining  the  death  limit  the  yeasts  were  taken  when  five  days 
old.  21  days  and  30  days,  and  were  tested,  beginning  at  (r***  C.  for  three 
minutes,  then  running  up  until  the  death  point  was  reached.  The  death 
point  varied  iKJtween  8()°  C.  for  five  minutes  and  UTt°  C.  for  1,5  minutes, 
so  that  every  one  of  tliem  would  be  killetl  In  the  baking,  in  even  the  short 
time  required  for  biscuit. 
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111  tlu*  spon^t's  tlie  (.-hanrct eristics  of  the  yeasts  appeared  to  jjoocl  ad- 
vantajre.  tor  not  only  eoukl  the  ferpientative  aetion  !>e  easily  determined, 
bnt^^^also  the  i)artienlar  flavor  imparted  and  the  keei)iu^  proi)erties.  The 
siM>n>?es  were  tested  first  with  sterilized  flour,  then  with  unsterilized. 
Spcm^es  made  with  sterilize<l  flour  were  kept  for  weeks  without  >fivin;r  off 
])ad  odors.  They  were  then  made  with  unsterilized  flour.  The  odors  Kt*n- 
erated  during  the  fermentation  varied  from  pleasant  fruity  odors  through 
pungent  odors,  flat  and  insipid  odors  to  deeideilly  disagreeable  odors. 
Some  of  the  sjwnges  would  remain  In  good  condition  for  weeks,  >vherea8 
in  othei*s,  growths  of  moulds  would  appear  in  a  few  days  or  disagreeable 
odors  were  generated.  The  breads  varied  also,  some  being  pleasant  to 
the  taste,  some  insipid  and  a  few  left  a  sharp  or  unpleasant  aftertaste. 
Then  the  texture  differed  even  with  as  nearly  as  jmsslble  the  same  amount 
of  kneading:  some  were  even-grained,  while  others  would  show  quite 
an  extent  of  irregularity  In  the  grain.  One  thing  that  was  quite  noticeable 
in  all  the  breads  was  the  lack  of  any  sourness,  and  on  account  of  this  lack 
when  the  breads  are  tasted,  there  seems  something  missing  to  which  one 
Is  accustomed. 

The  experiments  on  the  whole  indicated  that  if  the  best  results  are  to  be 
obtained  in  bread-making  the  yeast  will  have  to  be  selected  with  the 
same  care  that  a  yea«t  Is  for  the  fermentation  of  beer  or  other  liquor.  A 
yeast  should  possess  certain  i)ropertIe8  to  make  it  valuable  in  bread- 
making;  it  should  have  a  fairly  vigorous  action,  so  that  the  fermentation 
would  take  place  l)efore  any  deleterious  changes  could  take  place  in  the* 
dough:  it  should  impart  a  pleasant  flavor  and  without  any  disagreeable 
aftertaste,  and  should  give  an  even,  fine  texture  to  the  bread.  All  these 
qualities  could  be  obtained  by  taking  the  same  care  in  the  selection  of  a 
yeiist  for  bread  that  Is  now  taken  in  the  selection  of  a  yeast  for  beer. 
Besides,  there  are  great  i)ossibIlItIes  in  the  variety  of  flavors  that  can 
be  obtained  from  the  use  of  different  yeasts.  I  presume  the  reason  for 
the  apathy  that  exists  in  regard  to  the  selection  of  yeasts  for  bread- 
making  purposes  is  due  to  the  fact  that  a  great  deal  of  the  bread  is  of 
home  manufacture,  and  If  not  suitable,  it  is  not  so  easy  for  one  to  change 
the  base  of  supplies,  so  that  a  good  deal  of  competition  Is  eliminated. 
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A  New  Laboratory  and  Its  Work.     By  Robert  Hes8LEE. 

[Abstrnrt.] 

The  paper  read  gave  an  account  of  a  new  laboratory  connected  with 
the  Central  Indiana  Hospital  for  Insane,  It  being  known  as  the  Patholog- 
ical Department.  In  the  introductory  reference  was  made  to  the  con- 
ptantly  increasing  number  of  insane  under  the  care  of  the  State.  A  few 
years  ago  one  hospital  was  sufficient  for  the  State,  now  there  are  four,  and 
all  are  full.  Mere  clinical  description  has  been  all  but  exhausted  and  little 
additional  Information  is  to  be  gained  by  such.  Insanity  is  assumed  to 
be  due  to  some  change  in  the  brain,  It  may  be  ever  so  minute,  and  to  dis- 
cover these  and  to  draw  deductions  for  practical  application  in  the  pre- 
vention and  treatment  of  insanitj'  requires  spe<'ial  facilities— and  we  thus 
have  the  laboratory  idea. 

A  description  of  the  different  departments  of  the  laboratory  was  then 
given:  there  are  separate  rooms  for  chemistry,  bacteriology,  microscopy, 
photograph^'  and  for  necropsies;  all  being  properly  supplied  with  appara- 
tus for  work. 

The  work  will  consist,  in  the  beginning,  of  a  course  of  instruction  for 
the  medical  staff  of  the  hospital  in  histology  and  clinical  chemistry,  fol- 
lowed by  bacteriology  and  pathology;  the  examination  of  blood,  pus.  urine, 
new  growths,  etc.,  as  aids  to  a  thorough  understanding  of  clinical  cases: 
systematic  post-mortem  examinations;  finding  and  studying  the  lesions 
of  bodily  disease  and  searching  for  those  of  mental  disease:  original  work 
as  opportunity  offers. 


5 — SCIENCK. 


A  Cahb  of  Hii'ttocBpaALv.     By  D.  W.  Dbh.vis. 

The  subject  of  this  Bketch  Is  Edward  Bohko.  He  is  bu  iDmate  of  tlie 
Institution  for  Feeble- Minded  Cbildren  at  Port  Wayne,  Ind,  He  was  bimi 
July  13tb,  1883.  In  Gerroany.  His  father  died  at  ttie  age  of  W.  HiB  mother 
Utcb  at  Garrett,  I>eKalb  County.  Ind.  He  is  the  slith  child  of  a  famll.T 
of  eight  children.  Of  these  six  are  suld  to  be  well  formed.  One  other. 
>farj',  who  died  at  the  same  Instlintlon  at  the  age  of  fourteen.  In  IS95. 
WBB  mlcrocepholk'.  His  iinrents  were  Hecond  cousins.  Tbe  followlu); 
table  gives  the  size  of  the  cmnial  portion  of  hia  head  In  comparison  with 
nine  other  mlcrocepbnls  ivported  li.v  Carl  Vogt  In  1S60: 


LooiK  H*<k>  (ikull 


JeHBiakullal 
MarKuerila  Me 
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It  will  lie  seen  liy  the  table  that  liasMe  ranks  fourth  lii  ilie  list  by  three 
of  his  niensni-cuienis  ami  thini  by  one.  His  measuri's  are  all  very  close 
to  those  of  Mk-hael  Solin  and  Conrad  Scbuttelndreyer.  whosi>  sknll-cnn- 
lents  were  HTO  c,  c  The  nicasnrcnienls  taken  on  Sohn  aud  i^ehiitieln- 
dreyer  wen>  taken  fixim  the  skull,  however,  while  the  mensuremenis  of 
Basse  were  taken  from  the  living  ben<l  covered  wllb  lliiek  and  not  closely 
cut  hair. 

Several  factors  not  ivpix>simleil  by  moxUnnm  measurements  affect  the 
cubic  contents  of  the  skull:  the  sliaire  of  tbe  floor,  the  amouni  of  surface 
for  wbich  maximum  thickness  stands,  the  thickness  of  the  1>ones.  etc.  The 
second  of  these  factors  is  against  the  slue  of  Basse's  cranial  capacity  In-lnn 
large,  for  the  maximum  is  In  the  region  Just  over  the  ear,  while  the  frontal 
and  i>osl-parlclal  and  occipital  lobes  fall  rapidly  off.  I  do  not  think  his 
ci-anliil  caimcity  can  Ite  more  than  4110  c.  c.     The  normal  capiicity  of  a 
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child  of  bis  age  should  be  1,350  c.  c:  that  is,  the  real  capacity  is  to  what  it 
should  be  as  8  to  27.  Thirteen  anthropoid  apes  measured  by  various  ob- 
servers had  an  average  capacity  of  450  c.  c.  The  capacity  of  Basse's  skull, 
then,  is  distinctly  less  than  that  of  many  anthropoid  apes. 

The  second  anatomical  peculiarity  to  which  attention  is  called  is  that 
his  head  is  not  in  equipoise.  The  distance  from  his  chin  to  his  throat  is  as 
great  as  my  own,  namely.  55  mm.  The  line  from  his  occipital  protuber- 
ance to  his  inter-scapular  vertebrae  is  almost  a  straight  line;  that  is,  there  is 
almost  no  backward  projection  of  his  heac}  from  his  neck.  From  his 
meatus  auditorius  externus  to  his  eyebrows  is  80  mm.,  to  the  back  of  his 
head  from  same  place  is  but  54  mm.:  while  in  a  normal  boy  measured,  the 
first  distance  was  88  mm.,  and  the  Inst  iH  mm.;  that  is,  in  Bas.se  the 
meatus  is  26  mm.  nearer  the  back  than  the  front  of  liis  head,  when  in  a 
normal  boy  it  is  0  mm.  nearer  the  front  than  the  back.  The  weight  of  his 
large  face  in  front  is  unbalanced  by  any  backward  extension  of  the  head. 
The  command  which  he  hears  oftenest  is  "stand  up  straight,  Eddie;'*  but 
his  anatomy  will  forever  forbid  his  obeying  for  long  at  a  time.  His  fore- 
head recedes  in  the  center  19.7  mm.  for  a  height  of  42  mm.;  while  just 
over  the  outer  portions  It  recedes  more  rapidly  still.  The  greatesjt  trans- 
verse diameter  of  the  skull  is  just  over  the  ear  in  the  postero- frontal  and 
antera-parietal  region;  forward  of  this  manifest  ridge  which  rearhes  from 
ear  to  ear,  the  frontal  portion  of  the  cranium  lessens  rapidly.  Back  of  this 
ridge  there  is  a  depression  njore  marked  on  the  rlglit  side  than  the  left, 
which  has  a  depth  of  about  0  mm.,  while  back  of  the  ridge  which  forms 
the  posterior  border  of  this  depression  the  skull  again  narrows  very  rap- 
idly. The  application  for  his  admission  to  the  Institution  has  the  clause. 
"Face  of  good  size,  forehead  recedes  and  back  of  head  very  small." 

His  features,  including  the  form  of  his  head,  an*  so  monkey-like  that  It 
astonishes,  if  it  does  not  shock,  everyone  who  st»t»s  hliii  for  the  llrst  time. 
The  boys  call  him  "the  little  njonkey  face,"  and  when  I  asked  him.  at  the 
suggestion  of  his  attendant,  "Where  Is  the  little  monkey  faceV"  he  at  once 
pointed  to  his  own  face.  Once  when  Santa  Clans  was  dlstributiu;:  pres- 
ents, a  toy  monkey  was  among  them:  some  one  asked  a  little  lM»y  who  ar- 
ticulates poorly,  what  it  was,  and  he.  after  vainly  trying  to  say  monkey, 
pointed  to  Basse. 

There  is  not  in  his  face  a  trace  of  the  meaningless  vacuity  (»r  idiocy 
which  one  always  notes  In  the  featUR»s  of  the  feeble-minded.  He  has  the 
8atisfie<l,  the  benevolent,  the  sleepy,  the  lazy  or  sometimes  the  animated 
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look  of  the  mastiff  or  the  monkey.  He  is  Ji  general  i>et  amon;;  the  boys, 
as  an  animal  would  be:  they  can  calculate  on  him:  a  given  treatment  to 
produce  a  given  result:  they  understand  him  often  better  than  tlie  at- 
tendants do. 

He  cannot  speak  a  single  word:  he  utters  two  articular  grunts  which 
are  slightly  modified  by  lip  action:  one  sounds  more  nearly  like  **boo**  than 
anything  else:  his  teacher  of  speech  thinks  this  means  **boy,"  but  the  di- 
rector of  his  division  Is  e<iually  certain  that  It  means  **baby."  His  tongue, 
teeth  and  vocal  organs  are  not  at  fault  at  all:  the  trouble  is  cerebral. 

He  hears  well  and  understands  simi^le  directions,  but  he  is  generally 
at  a  loss  unless  the  direction  is  accompanied  by  gesticulation.  Prof.  Von 
Jagemann's  trained  mastiff  '"Bob"  had,  1  think,  as  large  an  ear  vocabulary 
and  he  obeyed  with  much  less  hesitation. 

Basse's  eyesight  is  good,  and  he  dep(»nds  largely  on  it,  watifhes  keenly 
the  lips  of  anyone  siieaking  to  him.  His  transcendant  power  is  imitation: 
It  is  the  one  thing  in  wldch  he  Is  at  home.  He  will  repeat  any  ninnl>t»r 
of  simple  things  done  before  him.  In  an  athletic  bout  (at  least  in  a  good- 
natured  one)  he  meets  a  stroke  with  a  similar  stroke.  He  will  throw 
kisses  if  they  are  first  thrown  to  him.  To  try  him  with  something  new,  I 
adjusted  my  nose  glasses  and  then  handed  them  to  him:  he  adjusted  tliem 
to  his  nose,  without  the  It^ast  hesitation,  manipulating  them  exactly  as  I 
had  done.  When  I  held  up  one  finger  lie  held  up  one:  when  I  hold  up  two 
he  held  up  two:  this  was  as  far  as  he  coulii  go.  He  tried  .several  minutes 
to  hold  up  three,  but  Ik^  could  not  succeed.  While  these  simple  operations 
were  going  on,  he  took  all  the  Interest  of  a  specialist  in  his  own  hobby. 
As  a  retriever  will  bring  bark  for  the  hundredth  time  a  stick  from  the 
pond  with  unabate<l  satisfaction,  so  his  jdeasure  in  doing  over  and  over 
again  the  same  thing  never  reached  a  climax:  his  only  condition  precedent 
to  perfect  happiness  seemed  to  be  imderstanding  on  his  part  and  <-ontinued 
interest  on  mine.  He  has  learned  to  S4'W  buttons  on  by  imitation:  but 
once  when  the  attendnut  was  not  tliere  to  give  liim  another  button  he  con- 
tinued sewing  without  g(?tting  a  luitton,  altliough  a  box  full  was  at  hand. 
So  far  as  I  could  learn  or  see.  he  is  ineapabl<>  of  doing  work  that  re^iuires 
intellectual  variation,  or  that  offers  alternatives.  He  can  dress  himself, 
but  if  he  happens  to  Imtton  consecutive  buttons  in  alternate  holes  he  can- 
not (or  at  least,  lie  could  not  in  one  instance)  rectify  the  mistake.  His  at- 
tendant, at  my  reciuest,  asked  him  to  dance:  instead  of  obeying,  iiowever. 
he  offered  her  liis  hatids.     She  tried  every  way  to  iK»rsuade  him  to  datice 
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alou(>:  lie  was  i-viilrutly  not  iici/uhioiimmI  Ii>  muIok.  lli'  dHuit-d  n'llli  IiIh  iii' 
leniliinl.  In  iliinclii);  or  wiilkluK  his  jiult  in  imliiiir.  (.-Iinnicifi'lcss:  h«  itriiK» 
Ills  feet  or  evi'n  )iuiii  lils  Xo^n  down  Orst. 

What,  uow.  l8  llie  oionuliiK  of  Bawte's  ciitw-V  Two  theories  iiffer  llieni- 
wlves.  One  Is  that  I ntr» -uterine  dlnense  of  whicli  we  can  ni)l  or  at  lejiHt 
do  not  know  the  cause,  prudiii'eil  this  uialforumtion  or  defuiinli.v  piv- 
clKely  "K  ^  ebllil  Id  Mouietlmes  Imru  witli  an  undeveluiied  arm.  Ilydro- 
eei>bnliis.  it  is  HOld,  Ik  a  dlweiise;  ho  also  Is  nileroceplialiis.  and  beyond  tills 
It  lij  botb  niennin>,'lt!KS  and  eauseless  except  aK  dlseaiic  baH  a  ineitnliiB  and 
a  cause. 

A  theory  tor  tUe  caus(^  of  tiie  dlxeaHO,  no  culled,  of  mlcroeeiiUaly. 
chariiea  It  to  early  odBlfylnK  suiurOB;  the  following  taWe,  taken  from  VoKt 
and  Miinliine.  shown  that  this  can  imt  always  l>e  tlie  ease: 
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lit  least. 

the  liriiin  niui 

to  Brow. 

sslliciillon  Is  ti 

diminish 

N'oTi.— Tbii  ubls  ■hi>«>  ths  atate  or  the  auturei  in  alxleen  rsae".  A  meiiBi  aatar*  oaei- 
Bed.  ?ivg  are  children  nodei  fln«*ii  jeart  af  »■•,  ami  none  uf  th«  anlurae  of  tbaie  are 
anhrlD'ad:  and  of  the  rrmainini  eleven  none  arir  ankyioaed  thnl  woold  not  ordinnrilr  be 
In  normal  ikalli. 

A  cure  founded  ni>on  this  iheciry  has  liii 
without  BUceesH.  The  sului-es  are  »|>fiierl  in  t 
but  it  refuses  to  (trow,  and  tlip  tendency  In 
Inctend  of  inoreaite  the  envily. 

Kddle  Bnnse  Is  not  Mick,  us  tlie  hydi-oi'eiihnllc  iiiiUents  are.  lie  is 
healthy,  hearty,  com  fort  able,  iierfectiy  satisUed  with  the  world  as  he  finds 
It.  and  iicrfectly  Incapable  nf  concelvlnu  llitit  the  order  of  Ibln^  ndplit 
be  otbei^'lse.  In  nothing  thai  has  been  said  Is  It  clalnieil  that  ibere  are 
not  lulcroceidialli'R  who  are  sli-k.  or  whoMc  niiilfDrnmtinn  lias  not  iH-en 
caused  by  Blckness:  it  is  simply  nialiilnliii><l  lh:il  Itasxc  Is  not.     The  other 


72 

theory  8upiK)8es  that  microcephaly  is  atavistic.  Atavism  does  not  require 
that  some  abnormal  organ  like  supernumerary  nipples  shall  l>e  grown;  it 
equally  applies  to  the  suppression  of  growth  in  any  particular  organ,  pro- 
vided that  this  suppression  has  left  its  subject  in  the  normal  condition  of 
some  adult  ancestor. 

It  is  the  common  property  of  all  students  of  embryology,  that  the  de- 
veloping human  brain  passes  through  a  stage  when  it  has  no  brain  mantel 
whatever;  that  is,  no  cerebrum;  and  that  when  the  cerebrum  begins  to 
grow  as  diverticula  from  the  fore-brain,  its  growth  is  forward,  upward 
and  backward  until  It  has  covered  successively  the  fore-brain,  mid-brain 
and  hind-brain  completely.  During  this  backward  growth  the  cerebrum 
gains  also  greatly  in  height  and  in  complexity  in  many  ways,  but  espe- 
cially with  reference  to  convolutions.  It  is  equally  well  known  that  these 
successive  stages  of  the  growing  human  brain  are  represented  by  the 
adult  stages  of  the  brains  of  mammals.  Now  by  this  theory  Basse's  brain 
has  been  arrested  in  its  development  at  an  anthropoid  stage.  He  cannot 
speak  because  his  speech  centers  have  not  been  developed.  He  cannot 
reason  because  his  brain  stopped  in  its  development  l>efore  it  reached  the 
human  stage.  This  negative  statement  of  the  case  is  not  all,  however.  His 
power  of  imitation  far  transcends  that  oi*  normal  or  weak-minded  chil- 
dren; that  is,  he  has  not  stopped  in  his  development  merely  at  somewhat 
the  levtl  of  the  ape,  but  ho  has  developed  until  it  is  more  than  human  the 
physiological  trait  tliat  has  given  the  ape  his  name,  imitation.  It  is  ad- 
mitted that  a  rudimentary  tall  is  atavistic;  that  additional  ears  on  the  side 
of  the  neck  (relicts  of  the  gill-slits  that  point  back  to  an  ancestry  that  is 
aquatic)  are;  but  to  admit  these  things  and  deny  a  similar  signiticanre  to 
Basse's  lack  of  brain  and  abnormally  quickened  imitative  powers,  and 
his  other  accompanying  animal  traits,  is  like  asserting  that  tho  chief 
characteristic  of  man  is  lack  of  tail  instead  of  brain  capacity  and  i>ower 
of  thought 

Everyone  has  seen  cases  of  atavism  which  point  back  to  father  and 
grandfather;  and  it  is  said  that  in  the  most  ancient  families  of  Europe, 
that  have  In  their  possession  paintings  of  their  ancestors  for  many  gen- 
erations back,  evidence  of  atavism  often  appears  in  children  and  is  a 
thing  to  be  proud  of.  But  can  it  point  back  for  thousands  or  even  for  mil- 
lions of  generations,  if  there  are  so  many?  Among  animals  and  plants  it 
can,  and  assent  is  universal.  I  have  had  a  lemon  brought  to  school  with 
a  perfect  sector  of  the  rind  a  bright  green,  when  all  the  rest  was  the 
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usual  lemon  yellow.  The  meunlDg  was  not  far  to  seek:  this  part  of  the 
rind  is  reverting  back  to  its  ancestor  the  leaf;  the  green  sector  is  atavistic. 
Atavism  can  also  be  geological,  as  Vogt  points  out;  the  millionth  colt  is 
bom  with  the  three  toes  of  the  hipparion;  but  the  horse  is  recent  and  the 
hipparion  is  tertiary. 

Atavism  explains  Basse's  case  in  every  particular:  his  small  cranial 
cavity,  his  lack  of  speech,  his  great  imitative  i>owers,  his  ambling  gait, 
his  unbalanced  head,  his  unabated  interest  in  the  hundredth  repetition  of 
the  simplest  act,  his  inability  to  think. 

His  sister,  Mary  Basse,  was  more  animal-like  from  all  reports  than  he. 
She  had  to  be  waited  on  as  a  child,  her  frame  was  much  more  stooped. 
and  she  always  walked  with  bent  limbs.  A  detailed  study  of  her  skeleton 
would  be  of  the  highest  scientific  value.  But  I  have  not  as  yet  been  able 
to  obtain  it 


The  Relation  of  Geoc^raphy  to  Natural  Science  and  to  Education. 

By  Chas.  R.  Dryer. 

[Abstract.] 

Geography  Is  a  subject  which  has  i)oints  of  contact  with  the  whole 
range  of  natural  science  from  physics  to  anthropology.  It  has  intimate 
relations  with  a  large  portion  of  the  work  done  by  the  State  Department 
of  Geology  and  Natural  Resources,  and  by  the  Academy  of  Science.  It  is 
the  only  natural  science  which  is  taught  In  all  the  schools  of  the  State. 
Its  presence  in  the  school  curriculum  furnishes  a  line  of  least  resistance 
along  which  scientific  nature  study  may  be  Introduced  into  schools  of  all 
{grades.  The  personal  interest  and  attention  of  every  member  of  the 
Academj'  was  invited  to  the  opportunity  here  offered  for  the  promotion  of 
scientific  education  and  for  the  improvement  of  geographic  teaching. 
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The  Susceptibility  of  Different  Starches  to  Dioestive  Ferments. 

By  W.  E.  Stone. 

The  question  of  the  nutritive  value  and  digestibility  of  many  kinds 
of  foods  narrows  down  practically  to  a  discussion  of  the  amount  of  starch 
which  they  contain,  since  in  many  instances  starch  is  the  principal  nutri- 
tive substance  present.  A  knowledge,  therefore,  of  the  percentage  of 
starch  which  such  foods  contain  is  about  all  we  have  been  accustomed  to 
ask  in  estimating  their  comparative  value.  Examples  of  such  food  ma- 
terials are  potatoes  and  rice,  while  the  various  cereal  preparations  are 
also  characterized  by  their  starch  content,  although  this  is  not  the  only 
nutritive  substance  which  they  contain. 

It  has  apparently  not  occurred  to  auy  one,  or  if  so.  such  conjecture 
has  not  found  circulation,  that  possibly  there  might  be  an  inherent 
character  in  different  starches  by  reason  of  which  certain  ones  might  be 
more  or  less  digestible  or  nutritious  than  others.  In  the  case  of  sugars 
this  thought  has  lately  come  proiuinently  to  the  front,  Fischer  particularly 
expressing  the  belief  that  certain  sugars  were  more  readily  assimilated 
than  others.  Certain  classes  of  sugars  are  known  not  to  be  digested  or 
assimilated  by  the  human  organism.  Certain  others  are  not  fermentable, 
and  others  ferment  only  slowly  and  incompletely.  A  study  of  the  action 
of  animal  secretions,  such  Jis  blood  serum  and  infusions  made  from  va- 
rious glands,  upon  the  more  complex  sugars,  shows  conclusively  that  dif- 
ferent sugars  exhibit  a  greatly  varying  range  of  resistance  to  these  agents. 

It  would  seoni,  therefore,  quite  reiisonable  to  expect  that  the  starches 
existing  in  so  many  physical  modifications  and  derived  from  so  many 
different  sources  niiglit  also  present  some  phenomena  of  this  sort.  A  very 
serious  ditficulty,  however,  in  the  way  of  obtaining  experimental  data  to 
show  this  is  that  starch  considered  as  a  chemical  compound  is  an  (exceed- 
ingly complex  and  unstable  substance,  which  under  the  influence  of  not 
extreme  conditions  is  easily  changed  into  other  and  different  substances. 
Few  compounds  have  been  studied  more  than  starch,  and  yet  we  know 
actually  very  little  alwut  it  as  such.  We  know  much  of  its  derivative  and 
decomposition  products,  but  starch  itself  is  insoluble  In  its  unchanged 
state,  and  so  defies  any  direct  study  of  its  molecular  condition. 

It  is  well  known  that  starch  is  readily  dissolved  and  at  the  same  time 
converted  into  sugar  by  a  number  of  the  so-called  enzymes  or  unorganized 
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ferments.  Prominent  amoDg  these  are  diastase,  one  of  the  enzymes  de- 
veloped in  the  jjrermination  of  grains;  ptyalln,  a  characteristic  constituent 
of  saliva,  and  pancreatin,  secreted  by  the  pancreas.  So  far  as  the  diges- 
tion of  starch  is  concerned  these  are  probably  the  principal  agencies 
which  change  starcli  from  its  natural,  insoluble  form  into  tlie  soluble  and 
digestible  modifications,  and  a  study  of  their  action  upon  starches  ought 
to  throw  considerable  light  upon  the  comparative  degrees  of  resistance  of 
different  starches  to  digestive  action. 

Such  studies  have  l>een  made  with  the  cooperation  of  several  students 
and  at  different  times,  leading  to  results  which  seem  of  general  interest 
and  application.  As  material  for  one  study  we  selected  the  starches  of 
wheat,  maize,  rice,  th<»  common  potato  and  the  sweet  potato,  as  represent- 
ing not  only  important  food  articles,  but  starches  of  different  botanical 
character. 

These  were  prepared  in  the  laboratory  in  preference  to  using  commer- 
cial preparations,  with  the  attendant  risk  of  adulteration.  Moreover, 
acids  and  alltalies  are  commonly  used  in  the  preparation  of  the  starch 
of  commerce,  and  undoubtedly  affect  its  character.  The  live  kinds  of 
fitarchcs  were  prepared  by  grating  or  grinding  the  raw  materials,  agitating 
with  cold  water,  straining  through  coarse  muslin  and  afterwards  allow- 
ing the  starch  to  settle  from  suspension  in  water  after  fre(iuent  washings. 
The  materials  thus  obtained  were  probably  quite  pure  starches,  and  at 
least  were  suflaciently  free  from  impurities  or  foreign  matter  to  satisfac- 
torily serve  the  purpose  of  the  experiment. 

The  plan  of  the  investigation  was  to  subject  the  different  starches 
under  identical  conditions  to  the  action  of  a  ferment,  and  note  the  time 
when  each  kind  of  starch  had  been  completely  dissolved.  As  an  indica- 
tion of  this  result  the  well-known  action  of  starch  and  iodine  was  em- 
ployed. When  the  starch  preparation  no  longer  showed  the  blue  color 
with  iodine  it  was  regarded  as  completely  dissolved  or  changed. 

Exactly  stated,  it  was  endeavored  to  obtain  an  identical  physical  con- 
dition of  all  the  starches,  and  then  to  expose  them  under  constant  condi- 
tions of  temi»erature  and  dilution  to  a  uniform  solution  of  the  enzyme  or 
digestive  ferment. 

A  weighed  (lunntity  of  the  starches,  one  gram,  or  in  some  cases  one- 
half  gram,  was  heated  with  50  or  100  cubic  centimetei*s  of  distilled  water 
in  a  boiling  water  bath  during  80  minutes  and  then  cooled  to  65**  C.  An 
infusion  of  malt  was  made  by  digesting  Ave  grams  of  malt  with  200  c.  c. 


of  water  at  orillnary  teinijeratiire  tor  two  or  three  hours.  Ten  cubic  cen- 
timeters of  this  malt  iufusion  were  then  added  to  each  of  the  starch 
preparations,  which  were  kept  at  from  60  to  65°  C.  The  starches  were  all 
dissolved  in  the  following  order:  Sweet  potato,  6  to  8  minutes;  common 
potato.  12  to  15  minutes;  wheat,  60  to  90  minutes:  maize.  90  to  120  minutes. 

On  diluting  the  starch  in  a  subsequent  series,  using  the  same  amount 
of  malt  infusion,  the  time  of  solution  was  much  reduced,  but  followed  the 
same  relative  order.  In  another  series  a  larger  amount  of  malt  was  used, 
and  the  time  of  solution  was  still  shorter;  for  instance,  the  sweet-potato 
starch  was  completely  dissolved  in  2%  minutes:  potato  starch,  3Vi»  minutes; 
wheat  30  minutes;  maize.  38  minutes.  These  results  indicate  very  con- 
clusively a  decided  dllTerencc  in  the  behavior  of  these  common  starclieg 
toward  diastase. 

Similar  experiments  were  then  planned  with  these  starches,  with  the 
addition  of  rice  starch,  and  ptyalin,  one  of  the  active  principles  of  the 
saliva. 

At  first  raw  starch  was  employed,  but  it  seems  to  suffer  little  or  no 
change  even  after  some  hours.  Boiled  starches,  prepared  as  already  de- 
scribed, received  each  two  cubic  centimeters  of  saliva  and  were  kept  at  a 
temperature  of  40°.  After  six  minutes  the  potato  starch  no  longer  gave 
any  iodine  reaction;  the  sweet  potato  required  135  minutes;  the  maize.  145 
minutes;  rice,  385  minutes;  wheat,  4C>0  minutes.  By  increasing  the 
amount  of  saliva  to  six  cubic  centimeters  the  following  results  were  ob- 
tained: Potato,  3  minutes;  sweet  potato,  70  minutes;  maize.  90  minutes; 
rice,  165  minutes;  wheat,  170  minutes. 

On  increasing  the  temperature  to  60°  potato  starch  was  almost  imme- 
diately dissolved  in  two  minutes;  sweet  potato,  25  minutes;  maize.  35  min- 
utes; but  rice  and  wheat  were  not  wholly  converted  in  five  hours,  indicat- 
ing that  a  continuation  of  this  temperature  for  any  considerable  time 
destroys  the  activity  of  the  ferment. 

These  results  were  no  less  striking  than  those  obtained  from  diastase, 
although  the  order  of  conversion  is  changed  somewhat.  Wheat  required 
about  80  times  as  long  for  complete  solution  as  potato. 

The  experiments  with  i)aucreatic  ferments  were  carried  out  in  the 
same  way  as  already  described,  so  far  as  the  staches  were  concerned. 
Using  commercial  preparations  of  pancreatin  at  the  rate  of  .2  grams  to 
.2  grams  of  the  starches  gave  these  results:  Potato  starch  was  dissolved 
in  58  minutes:  sweet  potato,  317  minutes;  maize.  337  minutes;  rice  and 
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wheat  not  wholly  changed  after  10  hours.  Fresh  preparations  of  pan- 
creatic fluids  from  the  pancreas  of  l>oth  the  ox  and  swine  showed  that 
starches  of  potato,  sweet  potato  and  maize  were  dissolved  in  the  order 
stated,  while  rice  and  wheat  were  much  more  resistant  and  were  not 
finally  completely  dissolved. 

Pancreatin  seemed  less  active  than  the  other  ferments,  but  certain  of 
the  starches  were  much  more  susceptible  to  it  than  others. 

To  sum  up  briefly  the  result  of  many  experiments,  which  have  here 
been  presented  only  in  outline: 

(1)  The  starches  of  potato,  sweet  potato,  maize,  rice  and  wheat  vary 
greatly  in  their  susceptibility  to  the  action  of  enzymic  ferments. 

(2)  This  variation  reaches  such  a  degree  that  under  precisely  the 
same  conditions  certain  of  the  starches  require  eighty  times  as  long  as 
others  for  complete  solution  or  sacchariflcation. 

<3.i  This  variation  is  exhibited  toward  all  of  the  common  enzymic  fer- 
menis  studied,  viz.,  diastase,  ptyalin,  pancreatin,  in  the  same  relative  or- 
der, with  slight  exception. 

(4)  This  order,  beginning  with  the  starch  which  is  most  easily  changed, 
is.  for  malt  extract,  sweet  potato,  potato,  wheat  and  maize:  for  saliva, 
potato,  sweet  potato,  maize,  rice  and  wheat;  for  pancreatic  fluids,  potato, 
sweet  potato,  maize,  with  wheat  and  rice  unchanged. 

(5)  Certain  of  the  experiments  indicate  that  the  rapidity  of  the  change 
in  particular  cases  is  very  clearly  proportional  to  the  concentration  of  the 
solution  of  the  ferment. 

(0)  It  seems  reasonable  to  asstune  that  the  same  relative  degree  of 
susceptibility  exhibited  by  these  starches  in  the  experiments  described 
would  still  obtain  when  they  are  subjected  to  the  action  of  the  same 
enzymes  in  the  processes  of  digestion. 

(7i  The  facts  here  presented  have  very  important  bearings  upon  indus- 
trial operations  involving  the  use  of  starches,  upon  questions  of  physiology 
and  nutrition  and  upon  the  study  of  the  different  starches  from  the  purely 
scientiflc  standpoint. 

In  s€»eking  for  some  explanation  of  this  phenomena  only  two  possible 
causes  suggest  themselves— either  there  is  some  physical  difference  in  these 
starches  by  which  the  action  of  the  ferments  is  hindered  or  held  in  check. 
or  they  are  inherently  different  in  their  molecular  structure,  or  in  other 
words,  are  isomeric  comi)ounds.  The  first  reason  seems  to  me  not  a  valid 
one.     The  starches  were  in  each  case  thoroughly  gelatinized  by  boiling 
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so  as  to  break  up  the  iiidiviilual  j?rains  and  form  a  transparent  gelatinous 
mass,  afterward  diluted  with  water,  so  as  lo  afford  a  complete  mixture 
with  the  solution  of  the  enzj-mc^s.  The  second  hypothesis  seems  reason- 
able, since  we  already  know  that  different  sugars  perfectly  soluble  are 
nevertheless  quite  diflferently  susceptible  to  the  action  of  ferments  and 
enzymes,  and  the  reason  is  traced  directly  to  their  Isomeric  condition,  i.  e., 
to  different  molcular  constitution.  There  is  certainly  nothing  improbable 
in  the  thought  that  a  similar  variation  or  isomerism  exists  among  starches. 
Should  this  exiilanation,  which  now  seems  the  only  reasonable  one  to  offer, 
be  correct,  the  theoretical  value  of  the  observations  presented  will  quite 
equal  or  exceed  any  practical  application  they  may  possess,  since  the  pos- 
sibility of  isomeric  starches  has  not  heretofore  been  entertained. 


A  New  Photo- MicROfjRAPH it;  Apparatus.    By  A.  W.  Bitting. 

While  it  is  possible  to  make  excellent  photo-micrographs  with  simple 
ai»paratus.  a  microscope,  a  camera  with  a  ground  glass  and  a  few  books 
cr  blocks  to  make  the  necessary  adjustments,  such  arrangements  are  In- 
adequate for  laboratory  work.  To  meet  the  needs  of  the  laboratory  many 
forms  of  apparatus  have  Iwen  devised,  some  of  which  are  admirably 
adapted  to  the  iiarticular  work  for  which  they  are  intended.  Most  of  them 
have  a  limited  range  of  adjustment  and  not  well  adapted  to  all  kinds  of 
work. 

The  object  of  the  writer  in  <(>nstructing  a  new  apparatus  was  to  get 
one  more  nearly  adapted  to  all  laboratory  conditions  than  is  now  provided. 

The  requisites  of  a  good  photo-mlcrographic  apparatus  are  rigidity, 
ease  and  a<'curacy  of  adjustment  and  adaptlbility  to  all  kinds  of  work. 
The  first  condition  has  been  met  by  using  metal  in  the  construction,  thus 
obviating  shrinking,  swelling  and  warping,  inherent  qualiti(»s  of  wood. 
The  second  an<l  third  requirements  have  been  met  in  the  mechanical  con- 
struction. 

The  cut  shows  tlie  stand  in  working  order  in  the  inclined  i>osition. 
Tile  aiM»aratus  consists  of  an  upright  cast-iron  ix»st  supported  by  three  cast 
legs.  The  center  of  this  post  is  lK)red  out  to  receive  tlie  elevating  post. 
Near  the  top  is  a.  sprocket  wheel,  whicli  is  turned  by  a  st-rew  and  crank. 
A  binding  screw  is  also  placed  in  the  toj)  to  clamp  the  elevating  i)ost 
in  position.     Tlie  upright  post,  with  its  legs,  stands  '2S  imhos  high.     The 
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fU-viiiIuu  |!wt  In  JS  liu-lifs  l,iiij:.  is  'if  Iwo-lm-li  Mtccl  iiililnii.  turntHl  tn  tit 
ilio  li'ili-  lu  ihc  iipriiilit  |i()Kt.  A  sitIi-m  of  liiili-H  art'  drillpil  hiln  the  Tubiiit: 
li>  i-iit'lvp  tlK>  i(|iiii<-k<>t  whfi'l.  wliii-li  niiHcK  nnil  liiwi-rx  It.  1'imii  lop  uf  Die 
fit' V  lit  I  tig  iioHt  fit  :i  lictiil-iiiist  wlilcli  ii'i-t'lvps  ilif  lied  i>liitt'  for  carrylug  the 
cniiifrn  nD<l  lulcrnKi-iiiii-.  Tlic  Iiciiit-iiciMt  1)>  iiiiii<h1  to  cxm-tly  Itt  the  Insldt^ 
■if  the  tube  unit  jHTiiilts  tlii>  IkhI  iilnle  li>  be  ivviilveil  on  ItK  horizoulal  axln. 

The   lieil  iihile   Ex  hvi>   fi-t't   Idiii:  iiiiil   l\vv  iiiiil  '-half   iui-liOM   wide.     It 

tiiiiMlsIs  of  n  iilt't-i-  of  llm'i'-Mixteeiillis-iiii-h  rii\Ui\  Httvl.  to  whkli  Is  rlriteil 


two  (IreKcietl  Uiilf-tuch  slocl  tulics.  ThtM'  IiiIh'k  aif  |ilaii>il  m-nr  encli  eilp- 
niifl  give  rlKlillty  an  well  as  si-ivf  for  [ruIiUs  for  ilic  luiin'ia  ami  micro 
scojie  cnrrlnucH.  In  the  I'eiiter  of  the  IhiI  i>laie  Is  a  rai-k  for  tli«>  adjiist- 
meni  of  the  eaiiicra  and  mk'rcisi.i>iK>. 

The  attncliiiieiit  of  the  li«l  jJali'  niili  the  hcail  |«wt  is  lj,v  two  dressiil 
firciilar  siirfaivs  and  a  ImiIi.  I'imhi  tlie  head  [losi  is  laouiilerl  n  screw 
n-lik-h  turns  In  threads  i-ut  u|iiin  Ilic  rilsi'  of  tlie  drrular  jilale  attached  U> 
the  hed  plnte.  By  lotwi'iiliis  llie  liolt  and  tiiriiluu  the  ei-auk  iipon  the  end 
of  \\if  Sfrew  the  lieii  plate  may  lie  made  to  rotate  ii|Mm  Its  verllcal  ails. 

The  earrlatfes  aie  twelve  IncheM  long,  grooved  to  fit  upon  the  slcel 


80 

rods,  and  arc  provided  with  pinions,  craniss  and  binding  screws  to  mal^e 
accurate  adjustment.  Tlie  stand  is  provided  with  castors  so  adjusted  that 
it  may  be  thrown  on  or  oflf  its  legs  with  the  foot.  All  the  handles  are 
nicl^el-plated  and  the  whole  apparatus  enameled  blaclc. 

With  this  apparatus  it  is  possible  to  worlc  in  the  vertical  or  horizontal 
position  or  at  any  inclination.  The  adjustment  is  easily  and  quiclcly 
made  by  loosening  the  binding  nut  between  the  friction  plates  and  turn- 
ing the  bed  plate  to  the  desired  position.  The  bed  plate  can  be  rotated  on 
the  horizontal  axis  to  get  the  advantage  of  room  and  direction  of  light 
without  moving  the  stand  upon  its  legs.  When  the  bed  plate  is  turned  to 
the  horizontal  the  top  of  the  bed  plate  is  33  inches  from  the  floor;  too  low 
to  work  with  comfort.  By  raising  the  elevating  post  the  bed  plate  may  be 
carried  up  to  the  height  of  five  feet.  This  adjustment  makes  it  possible 
to  always  have  the  work  at  a  comfortable  height,  either  in  the  sitting  or 
standing  position,  and  regardless  of  the  stature  of  the  operator. 

The  apparatus  has  been  used  for  some  months  in  the  Veterinary  Lab- 
oratory of  Purdue  University.  A  Zeiss  microscope  and  a  long-focus  premo 
camera  are  mounted  upon  the  carriages  (any  other  microscope  and  camera 
can  be  mounted  as  easily),  and  photographs  have  been  taken  of  parasites, 
histological  sections  and  bacteria.  It  has  been  used  in  all  positions,  with 
fresh  and  permanent  mounts,  and  the  results  are  entirely  satisfactory. 

The  stand  was  built  by  C.  W.  Meggenhoflfen,  of  Indianapolis. 


An  Infinite  System  op  Forms,  SATisFYiWi  the  Reqihrements  of  Hilbert's 

Law.     By  J.  A.  Miller. 

Let  Z  represent  the  totality  of  homogeneous  integral  forms  of  four  variables 
(excluding  those  which  vanish  identically)  which  are  unchanged  hy  the  group 
of  linear  snbstitutions  generated  by  the  operators. 

S :     Z;  =  Z.,       and  T :     Z[  =  Z, 

Zi2    =    Z3  Z2    =     -  — f      Z;^ 

Z3  =  e  Zj  Z 3  =  6  Zo 

Z4  =  Z4  Z4  =    -  Z| 

Where  c  =  e  -rr 
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Such  a  system  existtt.  For  inttpection  shows  the  elementary  symmetric  functions 
of  7si^  (i  -—  1  -  -  4)  are  unchanged  by  the  group,  and  hence  Z  consists  of  an  infinite 
number  of  forms.  The  sequel  will  show,  however,  that  these  are  not  cUl  the  in- 
yariant  forms  of  the  group  and  hence  we  ask  for  an  expression  of  the  entire 
svstem. 

1.      To  determine  (tnalytic  erpr^tufioM  for  thf  ^n/Mem  Z. 

Definitions — An  /-lettered  form  is  one  whose  terms  each  contain  i  letters.     Bv 
an  invariant  we  shall  mean  a  form  invariant  under  the  group. 
An  invariant  may  be  expressed  as  a  sum  of 

one-lettered  forms, 

two-lettered  forms, 

three-lettered  forms,  and 

four-lettered  forms. 
Moreover,  since  the  substitutions  are  linear,  the  sum  of  all  i-lettered  terms  of  an 
invariant  is  itself  an  invariant  where  i  is  any  one  of  1,  2,  3,  or  4. 

a.  Four-lettered  forms. 

We  shall  consider  firet  four-lettered  invariants. 
Let  F  be  a  four-lettered  invariant.     Where 

-- z[' vj, 'Ai  z, -t  z['  /-;/..'  /^;  ^-y^[    ^i    /;   y^    -^ 

and  where  any  exponent  is  a  positive  integer. 
Suppose  ti  is  the  least  exponent,  then 

F  —  (Z,  Z.J  Z,  Zi)      [a  possible  four-lettered  form   i-  a  sum  of  i-iettered  forms.] 

Where  i^\ ;i, 

or  F-(Z,  Z,  Z,  Z  J  ''  [o,  -h  92]  (say.) 

Since  (Z,  Z_,  Z.,  Z.,)  is  an  invariant,  so  also  is  v>j  -•  o^,  and  therefore,  by 
remark  above,  so  also  is  o,.  Hence  Oi  is  susceptible  of  treatment  similar  to  that 
applied  to  F\  until  finallv  we  should  have  any  four-lettered  invariant  expressed 
ap  the  sum  of  invariant  forms,  of  which  a  type  is 

^Z,  Z,  Z;<  Z,^'*  [sum  of  i-lettered  forms]  /      1  --.*{. 

Hence  ue  need  neek  no  crpremon  for  an  i-lettered  form  nhere  i       3. 

b.  Three- lettered  invariant  forms. 
Let  a  term  of  this  invariant  be 

7"  7  ^  7; 
»  z^,  A.^  /^, 
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Apply  S  to  this  term  and  the  terms  resulting  until  no  new  terms  are  obtained, 
then  forming  the  simplest  symmetric  function  of  these  terms  we  reach 

F,-  [  Z,"  7.i  Zi  +  ^'^"  +  '^^  7.t  Z-^  Z/  -^  f "(■'^+  ' )  Z;  Z /^  Z./  ] 

[  1  j^e'i"  -f  :i  -h  r)_^  e^o  +  /^  + } )  ] 

This  form  is  invariant  under  8,  but  vanishes  identically  unless  a  4- ;?  -f  ^  —  0 

(mod  3).     Hence  we  conclude  "  +  ,^  +  }  ^^0  (mod.  3) *. (1) 

(I      3      ■*■ 
Apply  T  to  Fj.     Immediately  there  appears,  among  others,  the  terms  A  Z4  Z^'   Z/j 

a       J 
and  6  Zj   Z./  Z/ ,  A  and  B  being  independent  of  Z;    hence  terms  of  this  type  are 

in  our  invariant,  and  it  is  necessary  to  investigate  their  behavior  under  the  appli- 

cation  of  S.     Treating  Z.}   Z./   Z./  exactly  as  Zi   Z^    Zj'  was  treated  above   we 
reach 

which  vanishes  identically  unless  /^  -}-  ;  ^  o.    (mod.  3). 

Similarly  treating  Z;,   Z^  Z/,  we  obtain  a  form  which  vanishes  identically 
unless  a  +  i  —  o  (mod  3).     Hence  we  conclude  that 

a  -f  ;J      0  (mod  3)         "1  J  2) 


'. } 


;V-f  }  ■— (0)  (mod 

but  «  +  ,^  +  ;  —  0  (mod  3). 

.'.  «  =  0     (mod  3)         ^ 

i  —  o     (mod  3)  /^ • (^) 

:•  "o     (mod  3)         J 

It  i»  evident  that  if  t  be  any  three  lettered  term  whose  ex])onent8  satisfy 

the  conditions  (3)  that  T':  (t)  ^  (_  l)  "  +  -^  +  >  t. 
.'.  F],  which  is  invariant  under  S,  satisHes  the  relation 
T':F,-   (_l)«-r.<  +  !  F. 

Hence  «  -f-  ,^  -f  ;~~"o  (mod  2)  is  a  sufficient  and  necessary  condition  that  Fi  is  an 
abKolute  invariant  under  T-.  Similar  remarks  apply  to  F.  and  F3.  Hence  we 
conclude 

a  4-  J-|- ;  r^  0  (mo<l  2) 

.*.  from  1 

„  _,.  .-( -f- ;  —  0  (mod  6) (4) 

//*   therffore,  Z^   Z2  Z}  is  a  term  of  an  int^mnnt  form^  then  4 

a^-^  .i  '^  }  F.  0  (mot?  3)  ']  /  r  v 


fi  -r  /^  -}-  ;  -  -  0  (mod  6 


e)  S 
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a       i      ^ 
Applying  now  S  and  T  to  Z^   Z.^  Z,'  and  to  the  terms  resalting  until  no 

new  ones  are  reached,  and  forming  the  simplest  symmetric  functions,  we  obtain 

the  form : 

I     /jj    /jg     -f-  ^2     ^3     ^1     "T     ^a     '-'.'     '^1 

-~{- 1) "  [  J^r  Z;/  i^?  T  z.r  zi^  Z/+  z;  z,*  z.'] 

+  (- 1)  ''  [  Z"  Zi*  Z,'  +  Z,"  Zi*  z/  +  zf  z-^  z/] 

+  (-1)  ■   [  Z"  Z,*  Z/  ^  Z;  Z'*  Z,"+  z;'  Z;^  Z/]  ^  Pn,  ,<, ;,  (Bay),  (6). 
Giving  to  »,  ,^,  }  all  possible  values  under  limitations  (5),  we  obtain  a  triply 
infinite  system  of  invariant  forms. 

And  this  is  the  complete  system,  for  we  can  only  start  with 

Z"  Z.'^  Zi,  Z"  z/  Z/,  Z"  Zi"*  Z,'  or  Z"  Zg^  Z/. 
But  all  these  terms  may  be  found  in  1  „    ^  ,  by  a  suitable  interchange  of  «,  ,:^,  ;. 

Certainly  any  rational  function  of  the  forms  i  ,,   .;  >  is  also  an  invariant.     Sinire 
«  -f-  ^  -f  ;  f=:  0  (2),  at  least  o«f  of  the  exponents  is  even. 

Corollary  1.       P„      .         v  a  y  i    .     r/f  r/:^         y '^  7,'^    i     y  "  y.'^         yd  ry.i         ^  fi  y  "i 

(-1)"  [  Z,"  Zj*  +  Z,"  z/  +  Z,"  Z'^  +  Z,"  Zi*  +  Z."  Zi^  +  Z,"  Z-^]  . . . («i) 

C"'-2-    P„.,,i --:_?,*,«;  r„,«  =  o. 

Cor.  3.     If  fi  —  0  and  ;  -  -  0,  and  «  —  "  (mod  2),  we  get^a  one- lettered  form, 

P«  =  2Z?(i  =  l--4). 

«  =  0  (mod  6). 

2.     To  calculate  the  basis  of  our  system. 

''Hilbert  has  shown  that  if  Z  is  a  system  of  integral  homogeneous  forms  of 
n  variables  that  F,  any  form  of  Z  can  be  represented  by  the  expression 

m 

F      Z  .\i  F;  when  m  is  finite  and  A;  are  homogeneous  integral  functions  of  the 
/-I 

variables  and  F*  are  forms  of  Z. 

And  in  particular  if  Z  be  defined  as  a  system  of  forms  invariant  under  a  group, 
that  F  any  form  of  Z  may  be  represented  by  a  rational  integral  function  of  a 
finite  number  of  forms  of  Z.  This  finite  number  of  forms  is  called  the  basis  of 
the  svstem. 


^Se«  MathematiHche  Anniillen.  Vol.:{<i. 
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To  find  the  basis  of  the  forms  of  1  „  a  .,  we  need  the  recarsion  formulae, 
which  may  be  verified  by  computation. 

1  «,  ;%  7  =  ^t^y  > ,  "  =  -^7,  a,  /^ (7) 

—  nz5P„_lS,?,  ;  =Pa  +  6/3,  r    ....(8) 

2z1P«,.v. -2zt.z^P„,^,_6,,  +  2z6.z|z«P„,^,_i2,, 

-  n  Z^  P„,  ^^  __  1 8,  .  :_-:  Pa,  ,?  4-  6,  y (9) 

2z?P„,,,,_vz6z6p^,^,_^._^2z?z«.z«P„,,,,_^ 

-  n  Z^  Pa,  /?,  y  -  18  ^  Pa,  ,?  >'  +  6  '. . . .  (10) 

n  zt  2  z^ z|Pa,  ^, ,  ^nxJ22x«  Pa^«,  ^_6, ,  - 6 -  H  zj« 

Pa_12,,i_12,  )-12  +  2Z^Z|z6p„^6,,.V^-(»,7  +  6- 
Pa^-12,  .,^4-  12,  ;  -f  12. 
Making  ;  -:=  o  in  8,  9,  10,  we  ^t  recursion  formulae  for  Pa,  >h 

By  a  repeated  and  successive  application  of  the  formulae  8,  9,  10  to  any 
P«,  f-i,  7,  it  is  expressed  as  a  rational  integral  function  of  forms  Pa',  ,y^  y^  whose 
greatest  index  is  18,  and  therefore  finite  in  number,  and  which  is  therefore  the 
basis  of  the  system. 

I  will  add,  however„that  by  a  somewhat  tedious  reduction  it  can  be  shown 
that  the  system  can  be  expressed  as  rational  functions  of 

V  76    V  76  76    V  76  76  76    7    7    7    7      1>         p  p  p 

—  ^ii  —  ^S-  H^^  —  ^'i  H  ''h  ''\  '^l  H  ''K^  ^  9,3,  -^15,3,  -*^6,3,3.  ^  6,9,3. 


Rate  of  Decrease  of  the  Intensity  of  Sounds  With  Time  of  Propoga- 

TioN.     By  a.  Wilmer  Duff. 

[Abstract.] 

part  I.— theoretical. 

The  intensity  of  sounds  spreading  in  spherical  wave.s  from  a  source 
would,  if  no  part  of  the  energy  of  vibration  were  lost  in  the  passage,  vary 
Inversely  as  the  square  of  the  distance.  But  it  Is  certain  that  a  consid- 
erable proportion  of  the  sound  energy  must  in  every  second  be  converted 
into  heat,  though  no  attempt  seems  to  have  been  made  to  determine 
experimentally  what  proportion  this  is  of  the  whole.  The  transformation 
of  energy  of  vibration  Into  heat  energy  takes  place  In  three  ways.    In  the 


85 

first  place,  the  viscosity  or  internal  friction  of  the  air  must  cause  a  dimin- 
ution of  the  vibrational  energy  and  the  production  of  heat.  Again,  in 
each  condensed  part  of  a  sound  wave  heat  is  produced  by  the  condensa- 
iion;  this  causes  a  rise  of  temperature  and  an  immediate  tendency  for 
radiation  of  heat  and  conduction  of  heat  to  take  place.  Similarly  a  fall 
of  temperature  takes  place  in  the  rarefied  part  of  the  wave  with  a  similar 
tendency  to  radiation  and  conduction.  Now,  the  greater  the  extent  of  this 
radiation  and  conduction,  the  less  will  be  the  amount  of  vibrational 
energy  handed  on  and  consequently  the  less  the  intensity  of  the  sound. 
In  addition  to  spherical  spreading,  viscosity,  conduction  and  radiation, 
two  other  sources  of  diminution  of  intensity  might  be  mentioned,  namely, 
atmospheric  refraction  and  lack  of  atmospheric  homogeneity;  but  these 
two  latter  influences  are  only  occasional  or  local,  while  the  former  are 
invariable  and  universal. 

Several  eminent  physicists  have  given  theoretical  discussions  of  tho 
effects  of  viscosity,  radiation  or  conduction  separately  or  of  two  of  them 
simultaneously.  Thus  Stokes,  in  1845,  studied  the  effect  of  viscosity  and 
deduced  numerical  results,  and  in  1851  he  found  a  formula  for  the  effect 
of  radiation,  but  calculation  from  this  result  is  still  impossible  because 
of  our  total  Ignorance  of  the  rate  of  radiation  of  a  gas.  Rayleigh  has 
applied  Stokes'  method  to  estimate  the  effect  of  conduction.  These  in- 
vestigations referred  to  plain  waves  only.  KIrchoff,  In  1868,  discussed 
the  effect  of  conduction  and  viscosity  together  on  plane  waves,  and  indi- 
cated the  result  for  spherical  waves  also.  Brunhes  has  recently  examined 
the  effect  of  conduction  on  plane  waves,  obtaining  a  result  in  accord  with 
those  of  KIrchoff  and  Rayleigh. 

In  order  to  deduce  any  intelligible  results  from  the  observations,  I 
have  made  it  necessary  to  either  assume  or  establish  a  law  of  diminution 
of  intensity  in  spherical  waves,  taking  account  of  viscosity,  radiation,  con- 
duction and  spherical  spreading  simultaneously.  As  considerable  doubt 
might  attach  to  a  general  formula  framed  by  the  superposing  the  formula) 
already  obtained  for  the  separate  effects  enumerated,  it  seemed  advisable 
to  undertake  a  new  theoretical  investigation  for  spherical  waves  affected 
by  viscosity,  radiation  and  conduction.  (This  discussion  Is  here  omitted, 
but  will  be  printed  In  full  elsewhere.)  The  conclusion  which  we  arrive  at 
is  that  the  intensity  varies  as 
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provided  the  proportional  rate  of  fall  of  temperature  of  the  gas  by  radia- 
tion be  small  compared  with  the  number  expressing  the  pitch  of  the 
sound.  In  the  experimental  work  described  in  the  second  part  of  this 
paper  sounds  of  very  high  pitch  were  employed,  so  that  the  above  condi- 
tion was  satisfied.  By  this  means  a  value  for  the  constant  radiation  is 
finally  deducted,  and  it  is  found  to  be  small  in  comparison  with  the 
pitch-number  of  any  ordinary  sound,  and  so  the  solution  obtained  above 
may  be  considered  as  holding  true,  at  least  very  approximately,  for  any 
8ouud  of  moderate  pitch. 

PABT    II.— EXPEBIMENTAIi. 

Any  attempt  to  compare  sound  Intensities  is  attended  by  great  diffi- 
culties. The  term  intensity  can  itself  be  understood  in  two  ways— firstly 
in  the  subjective  or  physiological  sense  of  loudness,  and  secondly,  in  the 
objective  or  dynamical  sense  of  rate  of  flow  of  energy.  The  only  case 
in  which  there  seems  to  be  a  constant  proportion  between  these  two  is 
when  we  compare  sounds  of  the  same  pitch  and  quality.  In  deducing  re- 
sults from  the  experiments,  I  have  made  the  following  assumption: 
When  two  faint  and  diminishing  sounds  are  indistinguishable  by  the  ear 
as  regards  pitch  and  quality,  the  minimum  of  energy  flow  required  for 
audibility  is  the  same.  While  this  assumption  cannot  be  fully  justified. 
It  seems  at  least  inherently  highly  probable,  and  can  at  most  differ  but 
slightly  from  the  truth.  The  errors  consequent  on  this  assumption  prob- 
ably lie  well  within  the  experimental  errors  in  the  following  method: 

A  large  number  of  very  small  whistles  were  made  of  as  nearly  as  pos- 
sible the  same  shape  and  dimensions.  From  these  the  eight  that  seemed 
most  similar  were  chosen  and  mounted  on  a  wind-chest  in  such  a  way 
that  any  number  could  be  blown  under  a  definite  pressure  measured  by  a 
water  monometer.  The  distances  at  which  each  pair  and  the  whole 
eight  just  became  inaudible  were  then  determined.  It  was  found  that 
near  the  limits  of  audibility  the  sounds  were  indistinguishable  in  quality. 
Let  It  be  the  distance  at  which  all  eight  whistles  blown  simultaneously 
became  inaudible  and  r  the  mean  distance  at  which  two  became  inau- 
dible. Then  at  a  distance  r  the  mean  rate  of  energy-flow  from  two 
whistles  e^iuals  the  minimum  for  audibility,  and  hence  that  of  eight 
whistles  equals  four  times  the  minimum  for  audibility,  while  at  distance 
K.  the  rate  of  energy-flow  of  eight  whistles  equals  the  minimum  for  audi- 
bility. If  now,  in  accordance  with  the  above  assumption,  the  mininnim 
be  the  same  in  both  cases. 
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The  observations  were  made  at  a  very  quiet  place  on  the  River  St. 
John,  in  New  Brunswiclv,  Canada,  the  whistles  being  sounded  on  one 
side  by  an  assistant  and  the  sounds  listened  to  on  the  opposite  side. 
Only  times  when  there  was  no  appreciable  wind  were  chosen  for  observa- 
tion. When  a  wind  s])rang  up  in  the  course  of  a  set  of  observations  the 
work  was  discontinued  and  the  observations  discarded.  In  order  to 
eliminate  the  effect  of  reflection  from  the  banks,  several  different  stations 
for  sounding  and  directions  for  observing  were  tried  in  different  sets  of 
observations.  The  orifices  of  the  whistles  were  always  kept  turned  directly 
toward  the  observer.  To  avoid  errors  due  to  the  tiring  of  the  ear,  in 
some  cases  the  observations  on  the  pairs  of  whistles  were  made 
first,  and  in  other  cases  those  on  the  eight  whistles.  Various  devices 
were  tried  to  eliminate  the  effect  of  bias  in  determining  the  distance  of 
inaudibility.  As  regards  the  diflBculty  of  determining  the  point  at  which 
the  soui^ds  became  inaudible,  this  was  found  much  less  than  was  ex- 
pected. Nevertheless,  there  was  always  a  space  in  which  it  was  doubtful 
whether  the  sound  was  heard  or  imagined.  The  middle  point  of  such 
a  space  was  taken  as  the  most  probable  position  of  extinction. 

As  regards  the  success  attained  in  attempting  to  make  the  different 
pairs  of  whistles  of  equal  intensity,  the  following  figures  may  be  quoted. 
(These  were  the  only  cases  in  which  the  position  for  each  pair  of  whistles 
was  finally  calculated.  In  general  the  position  for  each  pair  was  marked 
by  a  stake  and  the  mean  finally  taken  for  measurement)  In  the  first  the 
mean  distance  was  1,693  feet  and  the  distance  of  the  separate  observa- 
tionstions  for  the  mean  —28,  —18,  +5,  +41,  a  total  range  of  69  feet.  In  the 
other  the  mean  distance  was  2,078  feet,  and  the  distances  from  the  mean 
were  —59,  —15,  +9,  +45,  a  total  range  of  84  feet.  Here  something  must  be 
allowed  for  unavoidable  bias,  but  yet  the  result  seems  fairly  satisfactory. 

The  whistles  were  made  of  the  stopped-organ-pipe  form.  In  tlie  ab- 
sence of  facilities  for  the  purpose  their  exact  pitch  was  not  determined 
until  after  the  experiments  had  been  made.  The  pitch  was  then  de- 
termined by  using  a  high  pressure  sensitive  flame  to  find  the  nodes  of  the 
stationary  waves  produced  by  reflection  from  a  wall.     Tlie  semi-wave 
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lengths  are  as  follows,  in  inches:  .98,  .97,  .95,  .95,  .97,  .95,  .95.  .9t).  The 
mean  of  these  is  .960,  corresponding  to  a  vibration  frequency  of  6,820. 
The  following  table  gives  the  series  of  readings  made  and  the  values  of 
m  deduced,  all  lengths  being  in  feet: 


Series. 

r. 

K. 

Temp. 

III. 

1 

2 



1260 
1333 
2078 
1502 
1959 

1660 
1699 
2473 
1834 
23:^ 

80°  F 

74 

60 

70 

68 

.0010 
.0012 

3 

.0013 

4.... 
5.... 

.0015 
.0013 

To  enable  us  to  appreciate  the  meaning  of  these  figures,  it  may  be 
noted  that,  since  the  eight  whistles  gave  a  sound  of  four  times  as  great 
an  intrinsic  intensity  as  the  mean  pair  of  whistles,  this  sound  should,  if 
no  cause  except  spherical  spreading  alTected  the  intensity,  be  audible 
just  twice  as  far,  while,  as  a  matter  of  fact,  owing  to  the  other  causes 
enumerated,  it  was  usually  audible  only  about  one  and  one-quarter  times 
as  far.  The  value  of  m  may  be  expressed  by  saying  that,  excluding  the 
effect  of  spherical  spreading,  the  intensity  of  the  sound  died  off  about 
one-fourth  of  1  per  cent,  for  each  foot  of  advance. 

For  such  rough  determinations  of  a  quantity  very  difficult  to  determine 
at  all,  the  agreement  between  the  values  of  m,  as  shown  by  the  last 
column,  seems  very  satisfactory. 

If  now  we  return  to  the  theoretical  investigation  it  can  be  shown  that 
the  value  of  m  consists  of  the  sum  of  three  parts,  due,  respectively,  to 
viscosity,  conduction  and  radiation.  Since  the  constants  of  viscosity  and 
conduction  are  known,  while  the  full  value  of  m  has  been  found  by  ex- 
peiment,  it  can  be  calculated  that  the  effect  of  viscosity  is  to  produce  a 
diminution  of  intensity  amounting  to  one-fortieth  of  1  per  cent,  per  foot 
of  advance;  of  conduction,  one-seventieth  of  1  per  cent,  while  the  re- 
mainder, amounting  to  one-fifth  of  1  per  cent.,  Is  due  to  radiation. 

It  may  be  questioned  whether  all  of  the  part  of  the  effect  thus  attrib- 
uted to  radiation  is  really  due  to  that  cause  and  whether  part  of  it  may 
not  be  due  to  refraction  and  heterogeneity  of  atmosphere,  as  stated  earlier. 
That  it  is  not  due  to  refractitm  is  pretty  certain,  for  refraction  tends  to 
produce  actual  sound  shadows  of  the  siu'face  of  the  earth  or  water  at 
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certain  distances,  and  so  would  be  very  marked  when  acting.  It  also 
varies  greatly  with  the  gradient  of  temperature,  being  nonexistant  when 
the  temi)erature  does  not  change  as  we  ascend  for  some  distance.  Now, 
lK)th  the  distances  of  observation  and  the  state  of  the  atmosphere  would 
vary  greatly,  and  hence  if  the  circumstjinces  were  such  that  refraction 
had  SMiy  considerable  effect  the  values  obtained  for  m  would  vary  widely 
among  themselves.  Moreover,  calculation  will  show  that  for  the  eleva- 
tion of  sounding  station  and  observing  station  employed,  the  distances  at 
which  refraction  would  appreciably  affect  the  value  of  m  would  be  much 
grealer  than  those  employed  in  the  observations. 

As  regards  invisible  stria^  of  water  vapor,  these  must  have  had  a 
very  small  effect,  if  any  at  all,  for  the  effect  should  vary  very  greatly 
with  the  state  of  the  atmosphere,  and  this  varied  very  widely,  some 
observations  being  made  at  noonday  of  very  hot  days,  others  between 
7:30  and  8:30  in  the  evening,  and  on  one  occasion,  while  the  sky  was 
overcast  and  the  atmosphere  heavily  charged  with  water  vapor  just  be- 
fore a  storm.  Probably,  therefore,  nearly  all  the  effect  mentioned  is  due 
to  radiation. 

Now,  the  theoretical  investigation  shows  that  the  effects  of  viscosity 
and  conduction  decrease  very  rapidly  with  decreasing  pitch,  being  pro- 
portional to  the  squares  of  the  vibration  frequency,  while  the  effect  of 
radiation  is  independent  of  pitch.  We  conclude,  therefore,  that  for  sounds 
of  ordinary  pitch  the  effect  of  viscosity  and  conduction  on  intensity  is 
practically  negligible,  while  the  effect  of  radiation  amounts  to  about  one- 
fifth  of  1  per  cent  per  foot  of  advance. 


The  Constant  of  Radiation  of  Air.     By  A.  Wilmkr  Dvff. 

[Abstract.] 
Assuming  that  for  small  differences  of  temperature,  radiation  takes 
place  according  to  the  law  stated  by  Newton,  namely,  in  proportion  to 
the  excess  of  temperature  of  the  radiating  body  above  its  surroundings, 
we  may  define  the  constant  of  radiation  of  air  as  the  rate  of  cooling 
<by  radiation)  of  a  body  of  air  which  has  been  raised  one  degree  above 
the  sounding  mass.  From  the  results  of  the  preceding  paper  it  can  be 
calculated  that  this  Is  about  8.3  degrees  per  sec.  This  Is  equivalent  to 
saying  that  in  the  first  hundredth  of  a  second  the  heated  mass'  would 
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cool  one-twelfth  of  a  degree,  or  if  a  njass  of  air  be  heated  to  any  excess 
above  the  surrounding  mass  it  will  fall  to  one-half  of  that  excess  In  about 
one-twelfth  of  a  second. 

For  reasons  stated  in  the  preceding  paper  it  is  evident  that  this  value 
must  err  rather  in  being  too  large  than  in  being  too  small. 


PREI^IMINARY   RESULTS  BY   A    NeTW   MeTHOD  FOR  THE  StUDY  OF   IMPACT.* 

By  a.  W.  Duff  and  J.  B.  Meyer. 

The  purpose  of  this  paper  is  to  briefly  describe  an  apparatus  for  the  study  of 
impact  of  masses  of  wood  on  one  another,  and  to  state  a  few  results  obtained  by 
means  of  it.  It  was  intended  to  include  in  the  investigation  not  only  the  change 
in  the  relative  velocity  of  the  impinging  bodies  produced  by  impact,  but  also  the 
length  of  time  the  bodies  are  in  contact,  the  closeness  of  approach  produced  by 
their  mutual  compression,  and  the  internal  vibrations  to  which  impact  gives 
rise.  The  apparatus  was  constructed  by  Mr.  Meyer,  and  the  present  results 
obtained  by  him  early  in  this  year,  but  only  a  small  part  of  the  contemplated 
work  was  completed  when  it  had  to  be  discontinued.  Calling,  as  usual,  the  ratio 
of  the  velocity  of  separation  after  impact  to  the  velocity  of  approach  before 
impact  the  coefficient  of  restitution,  it  may  be  stated  tliat  the  results  to  be  given 
here  are  only  a  few  isolated  determinations  of  the  coefficient  of  restitution  and 
of  the  time  of  contact. 

In  principle  the  apparatus  consists  of  a  block  dropped  vertically  on  a  much 
larger  mass  of  the  same  material,  the  circumstances  of  the  impact  being  recorded 
in  a  curve  traced  by  a  pencil  attached  to  the  block  on  a  vertical  revolving  drum 
covered  with  a  sheet  of  paper.  To  describe  the  apparatus  more  fully,  it  consists 
of  two  vertical  beams  mortised  in  a  massive  cross-shaped  ba«e,  the  beams  adjust- 
able so  that  the  space  between  can  be  regulated.  The  height  of  the  beams  is  8 
feet.  Between  these  beams  as  guides  the  block  can  descend  with  comparatively 
little  friction.  On  the  base,  the  larger  of  the  two  impinging  masses,  or  the  plate 
as  we  shall  call  it,  is  rigidly  clamped.  Immediately  in  front  of  the  beams  is  fixed 
on  cone  bearings  a  vertical  rotating  cylinder  around  which  a  sheet  of  paper  is 
wrapped.  The  cylinder  is  2  feet  in  diameter  and  2}  feet  in  height.  Fastened  to 
the  top  of  the  descending  block  is  a  small  removable  board,  to  which  is  attached 
a  brass  tube  carrying  a  pencil.    The  tube  is  secured  in  position  by  a  catch  attached 


*Thi8  paper  is  an  abstract  of  a  thesis  presented  by  Mr.  J.  B.  Meyer  for  the  decree  of 
B.  Sc,  and  placed  in  the  library  of  Purdue  University. 


91 

to  a  lever  arm.  By  a  crossbar  placed  at  any  desired  height,  this  lever  is  tripped 
op  as  the  block  descends,  the  pencil  is  released  and  shot  forward  by  the  tension  of 
robber  bands  so  as  to  press  against  the  paper-covered  cylinder.  Were  the  cylinder 
at  rest,  the  pencil  would  merely  describe  a  vertical  line,  turning  back  on  the 
same  line  at  the  moment  of  impact.  When  the  cylinder  is  in  rotation  the 
pencil  describes  a  curve  which  is  abruptly  reversed  at  the  moment  of  impact.  As 
the  block  usually  bounces  several  times  before  coming  to  rest,  this  curve  consists 
of  successive  loops  meeting  at  sharp  angles  which  correspond  to  the  suox^essive 
impacts.  This  will  be  fully  understood  by  a  glance  at  the  record  sheet  shown  on 
the  wall.  If  now  we  draw  tangents  to  these  curves  at  a  point  of  impact,  and 
denote  by  Vi  the  velocity  of  the  block  immediately  before  impact,  by  Vr  its 
velocity  immediately  after  impact  and  by  Vc  the  velocity  of  the  surface  of  the 
cylinder  at  the  moment  of  impact,  then — 

Vr  y 

"J>  tan  n^  ~P" 


Vi 


tan  n 


Vc  X 

Vr         / 
or,  if  r^be  taken  equal  to  x,  we  have  e  =  -77r  =  -— ,  the  coefHcient  being  consid- 

Vi         y 

ered  negative,  since  Vr  is  a  negative  quantity.  Thus  the  actual  velocity  need 
not  be  known  so  far  as  the  determination  of  e  is  concerned,  and  the  process  fs 
reduced  to  the  drawing  of  two  tangent  lines  and  the  measuring  of  the  ordinates 
corresponding  to  equal  abcissae  measured  from  the  point  of  impact. 

To  enable  us  to  find  the  time  of  contact  during  impact,  or,  briefly,  the  dura- 
tion of  impact,  it  is  necessary  to  know  the  speed  of  the  cylinder.  Now  once  in 
each  rotation  of  the  cylinder  it  thrusts  up  a  vertical  wire  attached  to  the  short  arm 
of  a  lever,  causing  the  longer  arm  to  descend  and  complete  an  electric  circuit  and 
give  a  record  on  the  drum  of  an  electro-chronograph.  The  speed  of  the  drum  is 
determined  by  a  parallel  record  of  the  time  of  vibration  of  a  second's  pendulum 
which  completes  another  electric  circuit  whenever  it  passes  through  the  vertical. 
The  electro-chronograph  thus  used  is  one  made  by  the  Geneva  Society,  of  Switz- 
erland ;  its  drum  can  be  made  to  rotate  once  in  a  second  under  the  control  of  a 
Foucault  regulator.  F'rom  the  curve  exhibited  it  is  plain  that  the  impinging 
bodies  compress  each  other  during  the  first  period  of  contact,  and  upon  separation 
they  more  or  less  regain  their  original  forms;  so  that  at  each  rebound  a  portion 
of  the  line  traced  by  the  pencil  when  at  rest  is  intercepted  between  the  curves 
traced  by  the  pencil.  Dividing  the  length  of  the  jwrtion  so  intercepted  by  the 
product  of  the  circumference  of  the  cylinder  and  the  number  of  revolutions  per 
second  we  have  the  duration  of  contact.     It  is  not  necessary  always  to  determine 
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the  speed  of  the  cylinder  by  means  of  the  chronograph,  for,  having  once  found  a 
good  average  value  for  the  velocity  of  impact  for  a  certain  height  of  drop,  the 
velocity  of  the  cylinder  at  any  other  impact  from  the  same  height  of  drop  can  be 
found  from  the  inclination  of  the  impact  curve. 

Thus^f>-  =  tan  « 

\  c 

1^ . 

and    Vr  =  — 

tan  o 

It  may  also  be  noted  that  the  amount  of  mutual  compression  at  impact  is  at 
least  approximately  given  by  the  extent  to  which  the  curve  sinks  below  the  zero 
line. 

By  making  the  moment  of  inertia  of  the  cylinder  large,  its  speed  during  the 
time  of  contact  may  be  considered  as  constant.  It  should  be  noted  that  the 
results  do  not  depend  upon  the  friction  between  the  block  and  the  guides,  for  we 
are  concerned  only  with  the  actual  velocities  just  before  and  just  after  impact,  no 
matter  how  thev  are  attained. 

PRELIMINARY  TESTS  WITH   THE   APPARATl'S. 

The  method  here  employed  for  the  determination  of  the  coefficient  of  restitu- 
tion, consists  in  principle,  in  the  dropping  of  a  mass  on  a  plate  so  large  that  the 
motion  communicated  to  it  may  be  neglected,  so  that  the  relative  motion  is  merely 
that  of  the  block.  As  a  matter  of  fact  in  the  arrangement  adopted,  the  stationary 
plate  is  only  about  ten  times  as  large  as  the  block,  but  it  is  so  solidly  clamped  to 
the  base  of  the  massive  structure  that  it  is  assumed  to  be  practically  immovable. 
It  might  however  l)e  suspected  that  the  result  would  depen<i  u[)on  the  stationary 
block,  /.  e.y  its  mass,  or  its  vertical  thickness,  for  evidently  if  it  were  too  thin  it 
would  in  realitv  be  on  the  elasticitvof  the  base  beneath  it  that  the  force  of  rebound 
would  depend. 

To  test  this  point,  a  short  beam  of  well-seasoned  cherry  was  taken  whose 
cross-section  was  a  rectangle,  one  side  of  which  was  three  times  as  long  as  the 
other,  so  that  the  beam  was  three  times  as  thick  in  one  direction  as  that  in  the 
other.     The  actual  dimensions  of  the  beam  were  "2^ —  V/^ — '4:j^'. 

If  these  thicknesses  for  the  stationarv  mass  be  too  small,  it  should  be  shown 
by  the  coefficient  of  restitution  being  dif!erent  for  inipao's  in  the  direction  of  the 
greater  thickness  and  in  the  direction  of  the  smaller  thickness.  The  impinging 
block  used  was  also  cherry,  the  grain  being  vertical  and  the  impingin&(  surface 
turned  into  a  hemisphere  of  7  centimeters  radius.  The  value  of  e  found  with  the 
greater  thickness  of  the  beaui  vertical  was  .3.5  and  with   the  smaller  thickness 
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vertical  was  ,36.  Another  beam  of  the  same  material  was  then  taken  whose  cross- 
section  was  a  square^  the  side  being  equal  to  the  greater  side  of  the  rectangle  in 
the  preceding.  The  mean  value  obtained  by  large  number  of  impacts  was  ,355. 
It  will  be  understood  that  the  mass  in  this  case  was  three  times  as  great  as  that  in 
the  preceding  cases,  and  that  all  three  values  agreed  very  closely.  Hence  it  is 
assumed  that  the  thickness  in  these  cases  was  sufficient  and  that  practically  the 
base  acted  like  a  very  great  mass. 

In  the  preceding,  the  drops  were  from  the  same  height.  The  next  point 
tested  was  whether  or  not  the  height  was  so  great  that  the  limit  of  elasticity  of 
the  wood  was  passed.  A  series  of  determinations  was  made  with  all  other  cir- 
cumstances similar,  but  with  different  heights  of  drop  each  time,  varying  from  1 
to  6  feet,  and  the  values  of  e  while  varying  from  .34  to  .38  showed  no  regular  de- 
pendence on  the  height  of  drop.  It  may  be  stated  that  such  differences  as  here 
obtained  occurred  freciuently,  although  usually  smaller  in  amount.  They  are 
mostly  attributable  to  the  lack  of  homogenity  in  parts  which  seem  superficially 
<iuite  similar  in  structure.     The  mean  value  of  e  in  this  series  was  .363. 

It  may  be  stated  that  the  same  impinging  block  was  used  over  and  over  again. 
Had  there  been  any  effect  produced  by  the  crushing  of  the  impinging  surface  of 
the  block,  it  seems  evident  that  it  would  have  shown  itself  in  a  change  of  the  value 
of  €.  As  no  such  appeared,  it  seems  evident  that  no  such  effect  existed.  To  settle 
the  question,  however,  a  series  of  determinations  was  made  with  a  newly  turned 
impinging  surface  each  time.  The  radius  of  curvature  was  much  larger  in  this 
case.  The  result  was  that  the  values  for  e  obtained  in  these  tests  were  practically 
constant  and  unchanged  by  the  successive  impacts  of  the  impinging  surface,  but 
were  notably  large  with  this  larger  radius  of  impinging  surface,  the  mean 
value  being  .42,  while  with  the  smaller  radius  of  curvature  it  was  .36.  The  effect 
of  curvature  will  be  spoken  of  later. 

In  all  the  preceding  tests  the  impacts  were  on  new  and  undinted  surfaces  of 
the  base  plate.  This  was  necessary  because  an  effect  due  to  the  dinting  of  the  plate 
had  been  observed  though  not  accurately  examined.  We  now  more  carefully  tested 
this  point  and  found  that  under  successive  impacts  on  tlie  same  spot  of  the  base 
plate  the  value  of  r  rose  steadily  from  the  earlier  value  of  .36  to  .49,  showing  a 
permanent  effect  due  to  a  crushing  of  the  material  of  the  base  plate.  The  railius 
of  curvature  as  formerly  was  7  cm. 

Again,  to  find  the  effect  of  curvature  of  the  impinging  block,  a  series  of  tetts 
were  made,  first  with  a  curvature  of  3  cm.,  then  of  7  cm.,  and  then  of  10  cm., 
and  it  was  found  that  tho  corresponding  values  of  e  were — for  .*i  cm.,  .32;  for  7 
cm.,  .37/  for  10  cm.,  .42,  thus  sliowing  that  the  value  of  e  increased  with  increas- 
ing values  of  the  radius  of  curvature. 
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The  last  point  tested  was  the  effect  of  the  mass  of  the  impinging  block,  those 
so  far  used  weighing  about  one  kilogramme,  or  two  and  a  fifth  pounds.  The  mass 
was  now  doubled  and  the  radius  of  curvature  being  7  cm.,  as  in  the  earlier  tests,' 
a  value  of  .S6  was  obtained.  It  was  now  found  that  with  the  height  of 
drop  120  cm.,  or  4  fty  the  value  of  e  remained  the  same  as  before,  namely,  .36j 
but  that  for  a  drop  of  6  ft.^  the  value  decreased  to  .33,  and  with  a  much  heavier 
mass  the  value  sank  to  .25.  Attention  might  be  here  called  to  the  fact  that  there 
might  seem  to  be  some  contradiction  between  the  statements  that  while  greater 
height  and  therefore  greater  force  of  impact  with  the  light  block  on  fresh  parts  of 
the  base  plate  did  not  affect  the  value  of  e,  an  increase  of  the  impinging  mas^ 
showed  a  decrease  in  the  value  of  e  with  increasing  force  of  impact,  while  suc- 
cessive impacts  on  the  same  spot  showed  an  increasing  value  of  e.  The  explana- 
tion would  seem  to  be  that  whereas  beyond  a  certain  limit,  increasing  force  of 
impact  produced  an  initial  crushing  of  the  surface  from  which  there  is  only  im- 
perfect recovery,  when  successive  impacts  take  place  on  the  same  spot,  at  each 
impact  there  is  a  greater  area  of  resisting  surface  encountered,  and  also  less  unre- 
stored  crushing,  and  hence  a  greater  velocity  of  rebound  with  a  conseciuent 
increase  of  c.  The  point  seems  to  merit  a  more  careful  investigation  than  it 
received  in  these  purely  preliminary  experiments. 

These  tests  point  out  the  limits  as  regard  mass  of  impinging  block  and  height 
of  full  within  which  it  is  safe  to  work  in  comparing  the  coefficients  of  restitution 
of  different  materials.  It  also  shows  that  for  a  comparison  of  different  materials 
it  is  necessary  to  adopt  the  same  curvature  of  impinging  surface  and  to  use  a  fresh 
part  of  the  base  plate  for  each  impact.  Hence  in  the  following  comparison  the 
masses  of  tlie  impinging  blocks  are  uniformly  one  kilogramme,  radius  of  curva- 
ture of  the  impinging  surface  10  cm.  and  the  height  of  fall  120  cm. 

TAHLE  OF  COMrARISON. 

Material.  Value  of  *".  Dnratioii  of  Contact. 

White  pine 88 .0017  seconds. 

White  poplar 42 '  .0016 

Cherry 42 0O16 

Hard  maple 45 0012 

In  the  above  it  will  be  understood  that  in  all  cases  the  grain  of  the  impinging 
block  was  vertical  and  that  of  the  base  plate  horizontal.  The  first  remark  that 
may  be  made  about  these  results  is  the  surprising  closeness  of  the  values  of  e  for 
the  different  materials,  varying  between  .38  and  .45,  while  the  duration  of  con- 
tact varied  between  .0012  sec.  and  .0017  t^ec.  It  mav  also  be  noted  that  the  values 
of  €  varied  in  the  inverse  order  to  the  duration  of  contact. 
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A  few  determinations  were  also  made  with  the  grain  of  both  block  and  plate 
horizontal,  the  other  circumstances,  curvature  and  height,  being  the  same  as  in 
the  above  table. 

These  results  are  given  as  they  be  of  interest  but  very  little  reliance  can  be 
placed  upon  them  as  they  were  somewhat  hastily  made  and  time  did  not  permit 
of  repetition. 

Material.  Value  of  e.  Duration  of  Contact. 

White  poplar 42 0024  seconds. 

Cherry .4il 0014         ** 

Hard  maple 56 0012 

These  seem  to  show  in  a  more  pronounced  manner  the  connection  between 
duration  of  contact  and  the  coefficient  of  restitution,  hut  for  reasons  above  stated 
we  hesitate  to  regard  the  law  as  established. 

It  may  be  added,  by  way  of  a  postscript  of  less  serious  content,  that  the  length 
of  time  of  contact  of  a  base  ball  with  a  bat  and  the  corresponding  value  of  the 
coefficient  of  restitution,  were  determined  by  this  method.  These  values  are  for 
the  duration  of  contact  yljs  seconds,  and  for  the  coefficient  of  restitution  --|. 


Variations  in  the  Spectrum  of  the  Open  and  Closed  Electric  Arc. 

By  Arthur  L.  Foley. 

I  Abstract.] 

The  image  of  ii  normal  electric  arc  appears  to  consist  of  three  regions— 
a  central  violet  iwrtion.  an  outer  yellow  sheath  or  flame  and  an  intermedi- 
ate sheath  of  blue.  By  means  of  a  Rowland  grating  and  a  Brashear 
mounting,  and  a  concave  mirror  to  focus  the  image  of  the  arc  upon  the  silt, 
a  photographic  study  was  made  of  the  spectra  of  these  regions  under  four 
conditions:  (1)  A  vertical  arc  and  a  vertical  silt,  (2)  a  vertical  arc  blown 
out  by  a  horseshoe  magnet,  (3)  a  horizontal  arc  and  a  vertical  silt,  (4)  a 
horizontal  arc  and  a  horizontal  silt. 

The  accompanying  table  gives  the  results  of  a  study  of  the  three  re- 
gions of  the  arc  with  the  silt  vertical  and  through  the  center  of  each 
region.  Two  exposures  were  made  in  each  position,  three  seconds  and 
thirty  seconds  In  the  violet  andvblue  regions,  ten  seconds  and  thirty  sec- 
onds in  the  outer  or  yellow  sheath.  An  exi)osure  of  three  seconds  in  the 
latter  brought  out  only  ten  lines. 
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ELEMEXTS. 


Rkgion  1. 
Crktbal  Violkt. 


RK(noN  2. 
Blur. 


Plate  1. 
Exposure 

3 
Seconds. 


Plate  2. 
Expofiure 

30 
Seconds. 


Rkoiok  3. 
OuTKR  Ykllow 


Plate  3. 

3 
Seconds. 


Plate  4.  j    Plate  5.     Plate  6. 

;iO       !        10       i       :W 
Seconds.  >  Seconds.  Seconds. 


C. 

Fc 

Ca 

Ti.. 

K 

Al  . 

Mn 

Cu. 

Ba. 


Na 

Si 

Not  identified 

Faint  or  blurred 

To.  No.  lines  identified. 
To.  No,  lines  yisible 


313 
84 
14 
0 
3 
2 
2 
0 
1 
1 
1 
4 

29 
421 
454 


450 

107 

17 

20 

4 

3 
o 

2 
o 

1 

1 

50 

37 

709 

79G 


M 


60 

29 

3 

0 

2 

0 
0 
0 
0 

1 

0 

38 

97 

135 


274 

91 

15 

1 

3 

2 
•> 

0 

1 
1 
1 
1 

29 

:«l 

421 


1 
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47 

74 

s 

15 

0 

1 

2 

3 

o 

o 

1 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

0 

6 

13 

62 

107 

68 

120 

Whole  number  of  lines  vittible,  1991. 
Whole  number  of  lines  measured,  1842. 
Whole  number  of  lines  identified,  1787. 

The  table  shows  that  the  lines  rapidly  decrease  in  number  as  the  slit 
Is  moved  from  the  center  of  the  arc  to  the  outer  od^xe.  This  is  due  chiefly 
to  the  fadlnp  out  of  the  carbon  bands,  only  a  few  of  the  stronger  carbon 
heads  being  visible  in  the  outer  sheath.  But  the  fading  out  is  not  confined 
to  the  carbon,  as  the  lines  of  all  the  other  elements  of  the  table  show  the 
same  tendency,  though  to  a  much  smaller  degree. 

The  lines  of  the  table  (which  extends  from  7  _- 8092 to/  =^001.5)  were  not 
only  measured  and  identified,  but  their  intensity  was  estimated  at  three 
points— at  the  upper  end  near  the  positive  carbon,  at  the  center  and  at  the 
lower  end  near  the  negative  carl>on.  The  Ca  and  Fe  lines  were  relatively 
much  stronger  in  the  outer  regions  than  the  lines  of  any  other  element. 
All  the  lines  of  any  one  element  did  not  fade  out  at  the  same  rate.  Neg- 
lecting for  the  present  the  thi<'kening  of  the  lines  at  the  poles  and  consid- 
ering each  region  as  a  whole,  it  mny  be  concluded  that  the  differences  ob- 
served in  the  spectrji  are  due  chiefly,  if  not  entirely,  to  temperature  dif- 
ferences, and  that  there  are  no  lines  having  maxima  in  the  outer  regions. 
A  study  of  the  photographs  taken  under  the  three  other  conditions  before 
mentioned  confirms  the  conclusion. 

The  spectrum  of  the  inclosed  electric  arc  (a  Helios  Electric  Co.  lamp) 
did  not  differ  from  that  of  the  open  arc  when  the  an?  was  first  starte<l. 
But  after  a  minute  or  two  the  arc  shortened  and  the  metallic  lines  began 
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to  disappear.  After  ten  minutes  1(X)  volts  would  maintain  an  arc  scarcely 
one  cm.  long.  The  metallic  lines  had  disappeared  almost  completely. 
The  carbon  and  cyanogen  bands  were  even  stronger  than  in  the  first  pho- 
tograph. Air  was  then  passed  through  the  hollow  carbon  into  the  arc  and 
globe.  The  arc  lengthened  and  the  metallic  lines  reappeared.  When  the 
current  of  air  was  shut  off  and  a  stream  of  CO.  turned  on  the  metallic 
lines  were  weakened,  but  they  did  npt  disappear  as  long  as  the  CO,  was 
flowing. 

It  appears  that  a  comparatively  rapid  disintegration  of  the  carbon 
poles  is  necessary  to  furnish  enough  material  in  the  arc  to  bring  out 
clearly  the  metallic  lines,  which  are  due  to  very  small  quantities  of  the 
metals  contained  in  the  carbons  as  impurities.  The  rapidity  of  the  disin- 
tegrration  depends  upon  the  amount  of  O  present  in  the  globe.  After  the  O 
had  become  exhausted  by  allowing  the  arc  to  burn  a  few  minutes  the 
wasting  away  of  the  poles  was  very  slow,  indeed.  When  COj  was  intro- 
duced the  wasting  of  the  poles  increased,  and,  as  noted  before,  the  metallic 
lines  appeared.  Air  still  further  increased  the  disintegration  of  the  poles 
and  the  brilliancy  of  the  metallic  spectra.  When  pure  O  was  passed  into 
the  globe  and  arc  the  poles  were  rapidly  consumed.  The  metallic  spec- 
trum was  very  bright,  likewise  the  carl)on  any  cyanogen  bands.  When 
the  lower  hollow  carbon  was  replaced  by  a  carbon  with  a  sulphur  core 
(made  by  pouring  hot  sulphur  into  a  hollow  carbon)  S  vapor  filled  the 
globe  and  displaced  the  air  very  soon  after  the  arc  was  started.  The 
metallic  lines  did  not  appear,  but  the  carbon  and  cyanogen  bands  were 
strong. 


The  Spectrum  op  Cyanogen.     By  Arthur  L.  Foley. 

[Abstract.] 

This  investigation  was  made  witfi  the  grating  and  accessories  described 
in  a  previous  paper  and  with  a  Helios  enclosed  arc  lamp.  The  lamp  was 
modified  to  allow  the  lower  carbon  to  project  below  and  outside  the  globe. 
A  solid  upper  carbon  was  used.  The  lower  carbon,  which  was  hollow, 
had  several  small  holes  bored  through  its  walls  near  the  upper  end,  so 
that  a  gas  blown  in  at  the  lower  end  would  be  introduced  into  both  the 
arc  and  the  globe.     The  lamp  was  not  air-tight,  but  the  circulation  was 
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very  slow  when  the  lower  end  of  the  hollow  carbon  was  closed.  When  a 
gas  was  blown  Into  the  globe  the  admission  of  air  was  prevented  by  the 
escaping  gas. 

By  the  term  carbon  bands  will  be  meant  those  heading  near  /  =  4737 
and  X  =  4382.  The  bands  heading  near  /  =  3883,  P-  —  421 6  and  A  t:=3590  will 
be  called  the  cyanogen  bands,  though  the  researches  of  AugstrOm  and 
Thal^n,  Lockyer,  Livelng  and  Dewar,  Kayser  and  Runge,  Crew  and 
others  are  very  conflicting  on  this  question. 

When  the  spectrum  was  photographed  immediately  after  starting  the 
arc  it  was  identical  with  the  spectrum  of  the  open  arc.  After  ten  min- 
utes the  metallic  lines  had  disappeared  almost  completely.  The  cyanogen 
and  carbon  bands  remained  strong  even  when  O,  CO2  and  S  vapor  were 
forced  into  the  arc  and  globe. 

It  was  thought  that  the  cyanogen  bands  might  have  been  due  to  the 
nitrogen  of  the  air  contained  in  the  porous  carl)on  poles.  To  remove  the 
air  the  carbons  were  placed  in  a  small  air-tight  iron  cylinder,  which  was 
connected  by  tubes  with  an  air  pump,  and  a  cylinder  or  CO,..  The  cylin- 
der containing  the  carbons  was  placed  in  a  furnace  and  kept  red  hot  for 
twb  hours;  the  air  pump  was  worked  continuously.  The  carbons  were 
then  allowed  to  cool  in  an  atmosphere  of  CO,.,  in  which  they  remained 
for  several  days.  The  operation  was  then  repeated  and  the  carbons  cooled 
as  before. 

When  the  treated  carbons  were  i»laced  in  the  lamp  and  a  continuous 
stream  of  CO2  was  passed  into  the  arc  and  globe,  the  cyanogen  bands  ap- 
peared to  be  a  trifle  weaker  and  the  carbon  bands  a  little  stronger  than 
with  the  untreated  carbon  poles.  However,  the  difference  was  very  slight. 
A  like  result  was  obtained  when,  instead  of  CO,,  O  and  the  vapor  of  S  were 
passed  into  the  arc.  A  continuous  stream  of  S  vapor  was  obtained  by  at- 
taching to  the  end  of  the  hollow  carbon  a  glass  tube  sealed  at  the  lower 
♦•nd  and  tt Ih^d  with  S.  A  Bunsen  burner  kept  the  S  boiling  vigorously,  the 
vapor  passing  into  the  globe  and  ar<;  through  the  hollow  carbon,  which 
was  heated  by  a  s<M*ond  burner  to  prevent  condonsation  of  tlic  vapor  be- 
fore reaching  the  arc. 

It  appears  tliat  the  weight  of  evidence  favors  tlie  view  tliat  the  tliree 
bands  in  question  are  intimately  connected  witli  tlie  pn'scnce  of  X  In  tlie 
arc.  But  there  are  reasons  for  hesitating  to  accept  tlie  conclusion  tlint 
they  are  due  to  ( y;in<)gen  or  to  any  other  ciinipound  of  C  and   N.     One 
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reason  is  that  the  bands  are  found  in  the  spectrum  of  the  sun.  It  is  dif- 
ficult to  believe  that  a  carbon  nitrogen  compound  exists  at  so  high  a  tem- 
perature, or  even  at  the  temperature  of  the  arc.  Another  reason  is  that 
the  strength  of  the  bands  does  not  vary  much  when  the  quantity  of  N  in 
the  arc  is  varied. 

All  the  investigations  on  this  subject  show  that  a  mere  trace  of  N  is 
sufficient  to  bring  out  the  cyanogen  bands  quite  clearly  while  the  carbon 
bands  are  weak.  Flooding  the  arc  with  N  does  not  greatly  increase  the 
strength  of  the  cyanogen  bands  or  weaken  the  carbon  bands.  The  follow- 
ing experiment  emphasizes  this  point: 

Mercuric  cyanide  (30  gms.)  was  placed  in  a  three-bulb  combustion  tube. 
One  end  of  the  tube  was  sealed  and  the  other  connected  by  a  rubber 
tube  to  the  hollow  carbon  of  the  inclosed  arc.  The  tube  was  heated  by 
gas  burners,  and  as  soon  as  the  cyanogen  had  displaced  all  the  air  in  the 
globe  the  arc  was  started.  The  three  cyanogen  bands  were  very  slightly, 
if  any,  stronger  than  in  the  arc  in  air,  and  not  very  much  stronger  than 
when  treated  <'arbons  were  used  with  CO..  strenmiiiji:  into  the  an-  mui 
globe.  Yet  the  quantity  of  cyanogen  in  the  arc  must  have  been  hundreds 
of  times  greater  in  the  first  case.  That  the  two  spectra  should  be  at  all 
comparable  in  intensity  is  not  in  agreement  with  our  knowledge  of  spectra 
in  general. 

The  author  inclines  to  the  view  that  the  so-called  cyanogen  bands  are 
due  to  carbon  in  the  presence  of  nitrogen,  but  not  combined  with  it.  It 
is  well  known  that  the  spectrum  of  an  element  is  sometimes  greatly 
changed  in  the  presence  of  another  element,  though  there  be  no  tendency 
for  the  elements  to  combine.  The  statement  need  not  be  confined  to  spec- 
tra. A  very  familiar  instance  is  the  addition  of  MnO,  to  KOIO.  in  the 
generation  of  O.  The  temperature  at  which  the  O  is  given  off  is  greatly 
reduced,  although  the  MnO-  docs  not  decompose  nor  does  it  combine  with 
the  K. 

It  has  been  shown  that  cyanogen  is  produced  by  an  arc  in  air  or  N. 
However,  the  compound  may  be  formed  Jn  the  outer  cooler  portions  of 
the  arc  and  not  in  the  central  hot  region,  where  the  cyanogen  bands  are 
strongest.  The  fading  out  of  these  bands  in  the  outer  regions  is  more  rapid 
than  would  be  expected  if  cyanogen  were  a  stable  compound  Jn  the  arc. 
And  to  account  for  their  production  by  a  mere  trace  of  N  there  must  be  a 
decided  tendency  for  the  compound  to  form.  But  vxperiiiHMits  show  that 
cyanogen  may  Ih?  de<'(»uiposed  in  tlie  arc. 


100 

Copper  rods  were  substituted  for  the  carbons  of  the  inclosed  lamp. 
The  lower  rod  was  hollow.  Cyanogen  was  passed  through  it  into  the  arc 
and  globe.  The  cyanogen  bauds  were  strong.  The  carbon  bands  at  ?.  -^ 
4737  and  ?-=4382  appeared  iis  bright  as  in  the  inclosed  arc  between  carbon 
terminals. 

It  may  be  urged  that  the  decomijosition  of  the  cyanogen  was  brought 
about  by  the  presence  of  Cu,  and  not  by  heat  alone.  If  this  be  true  it 
would  seem  that  the  metallic  impurities  ordinarily  present  in  carbon 
would  prevent  the  formation  of  cyanogen  in  an  arc  where  N  was  present 
in  traces  only. 

Many  substances  besides  N  appear  to  affect  the  spectrum  of  carbon. 
Sulphur  is  an  instance.  When  sulphur  vapor  was  forced  in]to  the  arc  it 
seemed  to  tend  to  equalize  the  band  spectrum,  somewhat  diminishing  the 
intensity  of  the  lines  on  the  side  of  the  bands  next  the  heads  and  strength- 
ening the  weaker  lines  on  the  more  refrangible  side.  The  bands  were 
widened  until  the  ^'grating  effect"  became  continuous  in  the  region  of  the 
spectrum  photographed.  S  vapor  alone,  when  forced  into  an  arc  be- 
tween copper  poles,  gave  a  faint  "grating  effect"  in  the  same  region. 


The  Elbctrolytic  Nature  of  the  Elbctric  Arc.     By  Arthur  L.  Foley. 

[Abstract.] 

The  spectra  of  twelve  elements  were  studied  to  determine  the  nature 
of  the  lines  near  the  carbons  and  directly  between  them.  The  spectrum 
was  obtained  by  removing  the  core  of  one  or  both  of  the  carbons  and  re- 
placing  it  by  the  salt  of  the  metal  to  be  studied.  The  salts  used  were 
barium  carbonate,  sodium  nitrate,  the  chlorides  of  zinc,  calcium,  stron- 
tium, postassium  and  lithium,  the  sulphates  of  chromium,  cadmium,  and 
aluminum  and  the  oxides  of  rubidium  and  titanium. 

Six  photographs  were  taken  of  the  spectrum  of  each  element.  The 
conditions  were  as  follows: 

No.  I,  upper  carl)on  plain  (<ontainiug  no  metallic  salt)  and  iwsitlvi'. 
salt  in  lower  carbon. 

No.  II.  upper  carbon  plain  and  negative,  salt  in  lower  carbon. 

No.  Ill,  salt  in  upper  negative  <'nrlH)n,  lower  carbon  plain. 

No.  IV,  salt  in  upper  positive  carbon,  lower  carbon  plain. 
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No.  V,  salt  in  both  carbooR,  upper  carbon  positive. 

No.  VI,  salt  in  both  carbons,  lower  carbon  positive. 

The  following  conclusions  were  arrived  at: 

The  arc  is  electrolytic.  The  electropositive  elements  seels  the  negative 
pole  and  the  electronegative  the  positive  pole.  Hence  the  thickening  of 
the  metallic  lines  at  the  negative  carbon.  Convection  currents  due  to 
heated  gases  in  the  arc  may  be  sufficiently  strong  to  mask  the  true  nature 
of  the  lines. 

In  photograph  No.  IV  the  Ca  lines  were  as  strong  at  the  lower  nega- 
ttve  carbon  as  at  the  upper  positive  carbon,  which  contained  the  salt.  In 
No.  Ill  47  Ca  lines  appeared  at  the  upper  negative  carbon  and  only  14  at 
the  lower  positive  pole.  The  14  were  not  due  to  the  salt  contained  in  the 
upper  pole,  but  to  impurities  in  the  loewr  carbon,  for  they  were  present 
when  a  plain  carbon  was  substituted  for  the  one  containing  the  salt  The 
Ca  traveled  with,  but  not  against,  the  current. 

Ca  photographs  were  chosen  to  illustrate  the  above  effects  because  they 
represent  about  an  average  for  the  elements  experimented  upon.  Ti  did 
not  show  the  effects  at  all.  The  ines  extended  across  the  spectrum  with 
almost  uniform  intensity.  Sometimes  they  were  slightly  intensified  at 
the  positive  carbon,  probably  because  of  the  higher  temperature. 

The  Zn  lines  were  slightly  stronger  at  the  negative  carbon.  The  lines 
of  Rb,  K,  Na,  Li,  Ba  and  Sr  showed  a  much  more  decided  preference 
for  the  negative  pole  than  did  the  Ca  lines.  The  preference  was  most 
marked  in  the  case  of  Rb,  though  the  most  striking  photographs  were 
obtained  with  Ba,  which  has  a  large  number  of  strong  lines  in  this  region 
of  the  spectrum. 

As  far  as  it  could  be  determined  the  order  of  the  elements,  as  re- 
gards the  tendency  of  their  spectral  lines  to  cling  to  the  negative  carbon, 
is  the  same  as  their  order  in  the  electropositive-negative  series. 

The  following  experiment  is  more  conclusive:  The  negative  carbon  of 
a  horizontal  arc  was  filled  with  calcium  chloride.  A  new  plain  carbon 
formed  the  positive  pole.  A  horizontal  arc  was  used,  otherwise  the  heat 
convection  currents  might  have  thrown  doubt  upon  the  results  of  the  ex- 
periment. The  slit  was  horizontal  and  extended  from  i>ole  to  pole.  The 
carbons  were  placed  one  cm.  apart  and  an  arc  was  formed  by  passing 
between  them  a  third  carbon,  which  served  to  bring  the  poles  in  mo- 
mentary contact.  After  one  minute  the  current  was  shut  off,  and  the 
carbon  containing  the  Ca  was  replaced  by  a  new  plain  carbon.    The  arc 
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was  then  formed  again  by  means  of  a  third  carbon,  and  the  spectrum 
was  photographed.  No  Ca  lines  appeared  except  those  always  present  in 
the  ordinary  arc. 

In  the  second  part  of  the  experiment  a  plain  carbon  was  used  as  a 
negative  pole,  and  the  Ca  was  placed  in  the  positive  pole.  The  arc  was 
formed  as  before  and  allowed  to  continue  for  one  minute.  The  positive 
pole  containing  the  Ca  was  then  replaced  by  a  new  plain  carbon,  the  arc 
was  formed  and  the  spectrum  photographed.  The  Ca  lines  came  out 
very  clear  and  strong,  almost  as  strong  as  if  the  negative  carbon  had  been 
filled  with  the  salt  There  can  be  but  one  conclusion.  In  the  first  case 
the  Ca  was  in  the  negative  pole,  and  there  was  no  tendency  for  it  to  pass 
over  to  the  positive  pole.  In  the  second  case  it  was  placed  in  the  positive 
pole,  and  it  freely  passed  over  to  the  plain  negative  pole.  The  latter  be- 
came so  impregnated  with  it  that  it  was  capable  of  giving  a  strong  spec- 
trum of  Ca  when  it  was  afterwards  used  in  an  arc  with  a  plain  carbon. 

Any  of  the  elements,  which  show  a  marked  tendency  to  cling  to  the 
negative  pole,  may  be  used  instead  of  Ca  in  the  above  experiment  The 
result  was  doubtful  in  the  case  of  Zn. 

The  electrolytic  nature  of  the  arc  was  further  confirmed  by  a  series 
of  measurements  of  the  voltage  necessary  to  maintain  an  arc  of  given 
length  between  unlike  electrodes.  It  was  found  that  a  much  higher  volt- 
age was  required  when  the  metallic  salt  was  placed  in  the  negative  pole 
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than  was  necessary  when  the  salt  was  in  the  positive  pole. 

When  Ca  was  placed  in  the  upper  pole  only  and  it  was  made  positive,  the 
average  of  several  readings  gave  49  volts  between  the  upper  and  lower 
carbons.  With  the  same  length  of  arc  and  the  current  reversed  in  direc- 
tion the  average  reading  was  65  volts.  With  a  slightly  shorter  arc  the 
readings  were  35  and  48  volts,  respectively.  With  the  salt  in  the  positive 
carbon  of  a  horizontal  arc  the  reading  was  34  volts,  and  when  in  the  neg- 
ative carbon,  45  volts. 

Similar  results  were  obtained  when  Li  and  K  were  used  instead  of  Ca. 

An  arc  was  formed  between  a  carbon  and  a  copper  rod  of  the  same 
size  and  shape.  An  average  of  many  readings  showed  that  about  10 
volts  more  were  required  to  maintain  an  arc  with  the  current  from  the 
carbon  to  the  coppef  rod  than  were  required  when  the  current  was  re- 
versed. 

When  a  third  carbon  was  held  with  its  point  midway  between  the 
Ijoles  and  in  an  nrt-  inaintaimMl  at  5.')  volts,  the  potential  dilTeronce  between 
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It  and  the  negative  carbon  was  about  15  volts  and  between  it  and  the  posi- 
tive carbon  about  40  volts.  The  introduction  of  Ca  or  K  into  the  negative 
carbon  did  not  change  the  voltage  betweeA  it  and  the  third  carbon.  When 
the  salt  was  introduced  into  the  positive  pole  the  voltage  between  the 
positive  pole  and  the  third  carbon  fell  to  25  volts,  but  the  voltage  between 
the  negative  and  third  carbons  remained  15.  It  appears  that  the  current 
passes  from  pole  to  pole,  in  part,  at  least,  as  a  convective  discharge  of 
charged  particles. 


Note  on  Charles  Smfth's  Definition  of  Multiplication.     By  Robert 

J.  A  ley. 

**To  muUiplj  one  number  by  a  second  is  to  do  to  the  tirst  what  is  done  to 
nnitj  to  obtain  the  second.'' 

This  definition  covers  the  multiplication  of  positive  and  negative  integers, 
fractions  and  imaginary  numbers.  Accepting  it  as  true,  the  law  of  signs  follows 
as  a  result.  We  can  easily  show  that  it  includes  the  multiplication  of  imaginaries. 
Snppoie  we  are  to  multiply  a  by  6  t.  We  are  to  do  to  a  what  is  done  to  unity  to 
obtain  b  i.  To  obtain  6  i  from  unity  we  take  unity  6  times  and  turn  it  counter 
clock-wise  through  an  angle  of  90  degrees.  By  performing  this  operation  upon 
a  we  obtain  ab  i.  Suppose  we  are  to  multiply  a  t  by  6  i.  By  the  same  process  as 
above  we  leadily  see  that  the  result  is  -  <ib.  This  shows  that  the  definition 
iDclndes  practically  all  of  Quaternion  multiplication. 

If  we  undertake  to  apply  it  to  the  multiplication  of  6  by  a^  we  encounter  our 
first  difficulty,  a'*'  has  been  obtained  from  unity  by  taking  unity  a  times  and 
squaring.  If  we  do  this  to  6  we  obtain  a^  b'',  a  result  manifestly  wrong.  If, 
however,  we  remember  that  a^a  a  and  is  obtained  from  unity  by  taking  it  a  a 
times,  our  difficulty  disappears  and  we  obtain  the  correct  result  a^  b.  If  we  under- 
take to  multiply  6  by  a^  we  find  a  difficulty  which  seems  to  be  insurmountable. 
The  only  way  we  can  obtain  a^  from  unity  is  by  taking  unity  a  times  and  extract- 
ing the  square  root.  If  we  do  this  to  b  we  obtain  tiie  incorrect  product  a^  6^. 
The  definition  seems  to  fail  utterly  when  applied  to  irrationals.  Perhaps,  after 
all,  it  is  better  to  follow  the  castoni  of  most  algebras  and  make  only  symbolic 
definitions. 

Indiana  University,  Decembers,  1897. 
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CoLLiNEAR  Sets  of  Three  Points  Connected  With  ihe  Triangle.     By 

Robert  J.  A  ley. 

This  paper  does  not  claim  to  be  either  original  or  complete.  It  contains  a 
fairly  complete  list  of  collinear  sets  connected  with  the  triangle.  All  cases  of 
coUinearity  connected  with  polygons  of  more  than  three  sides  have  been  omitted. 

The  subject  of  col  linearity  is  both  interesting  and  fruitful.  There  are  three 
well  defined  methods  of  proving  the  col  linearity  of  three  points.  The  classic  one 
is  the  application  of  the  theorem  of  Menelaus:  '^If  D,  E^  F  are  points  on  the 
sides  B  C,  C  A,  AB  respectfully  of  AB  C,  such  that  B  DXC  EX  A  F  =  —  D  CXE 
AXF  B,  then  D,  £,  F  are  collinear.''  In  many  cases  the  data  are  insufhcient  for 
the  use  of  this  method.  Another  method  of  frequent  use  is  to  prove  that  the  angle 
formed  by  the  three  points  is  a  straight  angle.  The  author  has  used  another 
method,  believed  to  be  original  with  him,  when  the  points  in  question  are  such 
that  the  ratios  of  their  distances  from  the  sides  can  be  determined.  This  method 
is  fully  illustrated  in  **  Contributions  to  the  Geometry  of  the  Triangle." 

Collinear  problems  fall  into  two  very  well  marked  classes.  The  first  class  is 
made  up  of  those  points  which  are  definitely  located  with  respect  to  the  triangle. 
The  second  class  is  made  up  of  those  points  which  are  located  with  reference  to 
some  auxiliary  point. 

notation. 

In  order  to  save  time  in  the  enunciation  of  propositions  the  following  notation 
will  be  used : 

A  B  C  is  the  fundamental  triangle. 

A  J  Bj  C|  is  Brocard's  first  triangle. 

Ma  Mb  Mu  is  the  triangle  formed  by  joining  the  middle  points  of  the  sides  of 
AB  C. 

Mja  Mji)  Mio  is  the  triangle  fojrmed  by  joining  the  middle  points  of  the  sides 
of  A,  Bi  C,. 

M  is  the  centre  of  the  circumcircle  of  AB  C. 

M^  is  the  point  isotomic  conjugate  to  M. 

G  is  the  median  point  or  Centroid  of  ABC. 

K  is  Grebe's  point  or  the  Symmedian  point. 

D  is  the  centre  of  perspective  of  AB  C  and  Aj  Bj  Cj. 

D^  is  the  point  isogonal  conjugate  to  D. 

H  is  the  Orthocentre. 

a  and  Q^  are  the  two  Brocard  points. 

N  is  Tarry's  point 
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Q  is  Nagel's  point.  (It  is  the  point  of  concurrency  of  the  three  lines  joining 
the  vertices  to  the  points  of  tangency  of  the  three  escribed  circles.) 

Q>  is  the  isotomic  conjugate  of  Q. 

O  is  the  centre  of  the  inscribed  circle. 

8  is  the  point  of  perspective  of  Ma  Mb  Mc  and  Mi*  Mib  Mic. 

S^  is  the  point  isogonal  conjugate  to  S. 

R  is  the  point  of  concurrence  of  perpendiculars  from  A,  B,  C  on  the  sides  of 
Nagers  triangle. 

Ml  is  the  centre  of  Nagel's  circle. 

T  is  the  point  of  concurrence  of  perpendiculars  from  \^  B^  C^  upon  the  re- 
spective sides  of  A''  B''  Q'\ 

Z  is  Brocard's  centre. 

Z^  is  the  point  isogonal  conjugate  to  Z. 

P  is  the  point  isotomic  conjugate  to  O. 

P*  is  the  point  isogonal  conjugate  to  P. 

Qi  is  the  point  isogonal  conjugate  to  Q^ 

F  is  the  centre  of  Nine  points  circle. 

THEOREMS. 

The  original  sources  of  the  theorems  are  known  in  only  a  very  few  cases.     The 
references  simply  indicate  where  the  theorems  may  be  found. 
(1.)     M,  H  and  G  are  collinear. 

(Lachlan — Modern  Pure  Geometry,  p.  (M.) 
(2.)     K,  G  and  the  Symmedian  point  of  M*  Mb  M<.  are  collinear. 

(Ibid,  p.  138.) 
(3.)     Tangents  to  the  circumcircle  at  the  vertices  of  AB  C  form  the  triange  P  Q 
R;    Ha,   Hb,  He  are  the  feet  of  the  altitudes  of  AB  C;    P  Ha,  QHu, 
RHc  are  concurrent  in  a  point  which  is  collinear  with  M  and  H. 

(Ibid,  p.  138.) 
(4.)     M,  K  and  the  orthocentre  of  its  pedal  triangle  are  collinear. 

(McClellan— The  Geometry  of  the  Circle,  p.  83.) 

■ 

(6)     M  and  the  orthocentre  of  its  pedal  triangle  are  equidistant  from  and  col- 
linear, with  the  centre  of  Taylor's  Circle. 

(Ibid,  p.  83.) 
(6.)     Q,  Q^  and  P  are  collinear. 

( Aley — Contributions  to  the  Geometry  of  the  Triangle,  p.  8. ) 
(7.)     K,  P*  and  Qi  are  collinear. 

(Ibid,  p.  13.) 
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(8.)    S^,  K  and  D  are  collinear. 

(Ibid,  p.  15.) 
(9.)     H,  M*  and  D  are  collinear. 

(Ibid,  p.  19.) 
10.)     Z^,  F  and  D  are  collinear. 

(Ibid,  p.  24.) 
[11.)     ilj  Q^  and  S  are  collinear. 

(Schwatt — Geometric  Treatment  of  Curves,  p  7. ) 
12.)     K,  Z,  M  are  all  collinear. 

(Ibid,  p.  3.) 
13.)     Z^,  H,  and  S  are  collinear. 

(Ibid,  p.  13.) 
14.)     N,  M,  and  D  are  collinear. 

(Ibid,  p.  17.) 
[15.)     D,  S  and  G  are  collinear. 

(Ibid,  p.  7.) 
16.)    Q,  0  and  G  are  collinear. 

(Ibid,  p.  36.) 
17.)     D*,  H  and  N  are  collinear. 

(Ibid,  p.  16.) 
18.)     Q,  M  and  Z  are  collinear. 

(Ibid,  p.  44.) 
[19.)     R,  O  and  Mj  are  collinear. 

(Ibid,  p.  43.) 
[20.)    Mc,  Mic  and  S  are  collinear. 

(Casej — Sequel,  5th  edition,  p.  242.) 
[21.)     K,  M  and  the  center  of  the  triplicate  ratio  circle  are  collinear. 
(Richardson  and  Ramsey — Modern  Plane  Geometry,  p.  41.) 
[22.)     N,  M  and  the  point  of  concurrence  of  lines  through  A,  B,  C  parallel  to 
the  corresponding  sides  of  Brocard's  first  triangle  are  collinear. 
(Lachlan— Modern  Pure  Geometry,  p.  81.) 
[23.)     K,  Ma  and  the  middle  point  of  altitude  upon  B  C  are  collinear. 
(Richardson  and  Ramsey — Modem  Plane  Geometry,  p.  58.) 
[24.)     H,  G  and  F  are  collinear. 

(W.  B.  Smith — Modern  Synthetic  Geometry,  p.  141.) 
[25.)     If  A  ^  is  the  pole  of  B  C  with  respect  to  the  circumcircle  of  ABC,  then 
A],  A  and  the  Symmedian  point  are  collinear. 

(Casey — Sequel,  5th  edition,  p.  171.) 
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(26.)  The  intersections  of  the  anli-parallei  chords  D^  E,  E^  F,  F^  D  with 
Lemoine'd  parallels  D  E*,  E  F\  F  D^  respectively,  are  collinear.  The 
D,  E,  F,  £)\  E\  F^,  are  the  six  points  of  intersection  of  I^moine's 
circle  with  the  sides  of  the  triangle. 

(Ibid,  p.  182.) 

(27.)  If  the  line  joining  two  corresponding  points  of  directly  similar  figures 
Fj,  F;^,  F,  described  on  the  sides  of  the  triangle  AB  C,  pass  through 
the  centroid,  the  three  corresponding  points  are  collinear. 

(Ibid,  p.  237.) 

(28. )  If  from  Tarry's  point  J  _'s  be  drawn  to  the  sides  B  C,  C  A,  A  B  of  the  tri- 
angle, meeting  the  sides  in  (a,  Oj,  « J  (^3,  z^^,  /J^)  (y,  yj,  y^)^  the  points 
a,  /?,  >'are  collinear,  so  also  («!,  p2i  }')  and  (a^,  /^,  y^).     (Neuberg.) 

(Ibid,  p.  241. ) 

(29.)     In  any  triangle  AB  C,  O,  ()^  are  the  centres  of  the  inscribed  circle  and  of 
the  escribed  circle  opposite  A;  O  O^  meets  B  C  in  D.     Any  straight  line 
through  D  meets  AB,  AC  respectively  in  b,  c.     O  b,  O^  c  intersect  in 
P,  0*b,  O  c  in  Q.     P  A  Q  is  a  straight  line  perpendicular  to  O  O^ 
(Wolstenholme — Math.  Problems,  p.  8,  No.  79.) 

(30.)  A  triangle  PQR  circumscribes  a  circle.  A  second  triangle  A  B  C  is 
formed  by  taking  points  on  the  sides  of  thitj  triangle  such  that  A  P, 
B  Q,  C  R  are  concurrent.  From  the  points  A,  B,  C  tangents  A  a,  B  b, 
C  c  are  drawn  to  the  circle.  These  tangents  produced  intersect  the  sides 
B  C,  C  A,  AB,  in  the  three  points  a  b  c,  which  are  collinear. 
(Catalan  Geom^trie  Elementiiire,  p.  250.) 

(31.)     The  three  internal  and  three  external  bisectors  of  the  angles  of,  a  triangle 
meet  the  opposite  sides  in  six  points  which  lie  three  by  three  in  four 
straight  lines. 
(Richardson  and  Ramsey — Modern  Plane  Geometry,  p.  19.) 

(32.)     If  0  be  any  point,  then  the  external  bisectors  of  the  angles  B  O  C,  C  O  A, 

A  O  B  meet  the  sides  B  C,  C  A,   A  B  respectively  in  three  collinear 

points. 

(Ibid,  p.  52.) 

(33.)     The  external  bisectors  of  the  angles  of  a  triangle  meet  the  opposite  sides 

in  collinear  points.     (A  special  case  of  31.) 

(Lachlan — Modern  Pure  Geometry,  p.  57.) 

(34,)    Lines  drawn  through  any  point  O  perpendicular  to  the  lines  O  A,  O  B,  O  C 

meet  the  sides  of  the  triangle  AB  C  in  three  collinear  points. 

(Ibid,  p.  59.) 
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(35.)     If  any  line  cute  the  sides  of  a  triangle  in  X,  Y,  Z;  the  isogonal  conjugates 

of  A  X,  B  Y,  C  Z  respectively  will  meet  the  opposite  sides  in  collinear 

points. 

(Ibid,  p.  59.) 

(36.)     If  a  line  cut  the  sides  in  X,  Y,  Z;  the  isotomic  points  of  X,  Y,  Z  with  re* 
spect  to  the  sides  will  be  collinear. 

(Ibid,  p.  59.) 
(37.)     If  from  any  point  P  on  the  circumcircle  of  the  triangle  AB  C,  P  L,  P  M, 
P  N  be  drawn  perpendicular  to  P  A,  P  B,  P  C,  meeting  B  0,  C  A,  AB, 
in  L,  M,  N,  then  these  points  L,  M,  N  are  collinear  with 'circumcentre* 

(Ibid,  p.  67.) 
(38.)     If  P  L,  P  M,  P  N  be  _L'8  drawn  from  a  point  P  on  the  circumcircle  to 
the  sides  B  C,  C  A,  AB  respectively,  and  if  PI,  Pm,  Pn  be  drawn  meet- 
ing the  sides  in  I,  m,  n  and  making  the  angles  L  PI,  M  Pm,  N  Pn  equal 
when  measured  in  the  same  sense,  then  the  points  1,  m,  n  are  collinear. 

(Ibid,  p.  68.) 

(39.)     If  X  Y  Z  and  X^  Y»  Z^  are  any  two  transversals  of  the  triangle  AB  C:  Y 

Z^;  Z  X\  X  Y»  cut  the  sides  B  C,  C  A,  AB  in  collinear  points. 

(Ibid,  p.  60.) 
(40.)     If  X  Y  Z  and  X^  Y*  Z^  be  any  two  transversals  of  the  triangle  AB  G,  and 
and  if  Y  Z\  Y'  Z  meet  in  P,  Z  X\  Z'  X  meet  in  Q,  X  Y*,  X^  Y  in  R, 
then  A  P,  B  Q,  C  R  cut  the  sides  B  C,  G  A,  AB  in  collinear  points. 

(Ibid,  p.  61.) 
(41.)     If  the  lines  AO,  BO,  GO  cut  the  sides  of  the  triangle  AB  G  in  X,  Y,  Z; 
and  if  the  points  X^  Y\  Z^  be  the  harmonic  conjugate  points  of  X,  Y,  Z 
with  respect  to  B,  G;  G,  A;  and  A,  B,  respectively,  then  X^,  Y',  Z^  are 

collinear. 

(Ibid,  p.  61.) 

(42.)     If  the  inscribed  circle  touch  the  sides  in  X,  Y,  Z,  then  the  lines  Y  Z,  Z  X, 

X  Y  cut  the  sides  B  G,  G  A,  AB  in  three  collinear  points. 

(Ibid,  p.  62.) 

(43.)    The  feet  of  perpendiculars  from  H  and  G  upon  A  G  and  A  H  respectively 

are  collinear  with  K. 

(Ibid,  p.  147.) 

(44.)     If  three  triangles  AB  G,  Aj  B^  C'l,  and  A^  Bj  G2  have  a  common  axis  of 

perspective,  their  centres  of  perspective  when  taken  two  and  two,  are 

collinear. 

(McGlellan— Geometry  of  the  Gircle,  p.  122.) 
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(45.)  A.B  C  is  a  triangle  inscribed  in  and  in  perspective  with  A^  B*  C*;  the  tan- 
gents from  A  B  C  to  the  incircle  of  A^  B*  C^  meet  the  opposite  sides 
in  three  coUinear  points,  X,  Y,  Z  (B  C  in  X,  etc.). 

(Ibid,  p.  128.) 
(46.)     If  three  pairs  of  tangents  drawn  from  the  vertices  of  a  triangle  to  any 
circle,  meet  the  opposite  sides  X,  X^  Y,  Y\  Z,  Z*,  and  if  X,  Y,  Z  are 
collinear,  so  also  are  X\  Y^,  Z^ 

(Ibid,  p.  128.) 
(47.)     If  X  Y  Z  is  a  transversal  and  if  X^,  Y^  Z^  are  the  harmonic  conjugates  of 
X,  Y,  Z,  then 

YS  Z\  X;  Z»  Xi,  Y;  X\  Y\  Z  are  collinear. 
Also  the  middle  points  of  X  X^,  Y  Y^,  Z  Z^  are  collinear. 

(Ibid,  p.  131.) 
(48.)     If  L  is  an  axis  of  symmetry  to  the  congruent  triangles  ABC  and  A^  B^  C^ 
and  O  is  any  point  on  L,  A^  O,  B^  O,  C*  O  cut  the  sides  B  C,  C  A,  AB 
in  three  collinear  points. 

(Depuis — Modern  Synthetic  Geometry,  p.  204.) 
(49.)     Two  triangles  which  have  their  vertices  connecting  concurrently,   have 
their  corresponding  sides  intersecting  coUinearly. 
(Desargue's  Theorem.)     (Ibid,  p.  204.) 
(50.)     A»,  B,»  C^  are  points  on  sides  of  AB  C  such  that  AA^  BB^  C  C^  are  con- 
current, then  AB,  A^  B^ ;  B  C,  B»  C,  C  A,  C^  A^  meet  in  three  points 
Z,  X,  Y  which  are  collinear. 

(Ibid,  p.  205.) 
(51.)     If  P  be  any  point,  AB  C  a  triangle  and  A*  B^  C*  its  polar  reciprocal  with 
respect  to  a  polar  centre  O,  the  perpendiculars  from  O  on  the  joins  P  A, 
P  B,  and  P  C  intersect  the  sides  of  A^  B*  C^  collioearly. 

(Ibid,  p.  223.) 
(52.)     If  the  three  vertices  of  a  triangle  be  reflected  with  respect  to  any  line,  the 
three  lines  connecting  the  reHezions  with  any  point  on  the  line  intersect 
coUinearly  with  the  opposite  sides. 

(Townsend — Modern  Geometry,  p.  180.) 
(63.)     When  three  of  the  six  tangents  to  a  circle  from  three  vertices  of  a  triangle 
intersect  coUinearly  with  the  opposite  sides,  the  remaining  three  also 
intersect  coUinearly  with  the  opposite  sides. 

(Ibid,  p.  180.) 
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(54.)  If  from  the  middle  points  of  the  sides  of  the  triangle  ABC,  tangents  be 
drawn  to  the  corresponding  Neuberg  circles,  the  points  of  contact  lie  on 
two  right  lines  through  the  centroid  of  A  B  C. 

(Casey — Sequel,  p.  241.) 
(55.)     If  P  is  a  Simeon's  point  for  ABC,  and  O  any  other  point  on  the  circum- 
circle  of  ABC,  then  the  projections  of  O  upon  the  Simson's  lines  of  O 
with  respect  to  the  triangles  PAC,  PBC,  PCA,  ABC  are  collinear. 
(Lachlan — Modern  Pure  Geometry,  p.  69.) 
(56.)     When  three  lines  through  the  vertices  of  a  triangle  are  concurrent,  the  six 
bisectors  of  the  three  angles  they  determine  intersect  the  corresponding 
sides  of    the  triangle  at  six  points,  every  three  of  which  on  different 
sides  are  collinear  if  an  odd  number  is  external. 

(Ibid,  p.  181.) 
(57.)  When  three  points  on  the  sides  of  a  triangle  are  collinear,  the  six  bisec- 
tions of  the  three  segments  they  determine  connect  with  the  correspond- 
ing vertices  of  the  triangle  by  six  lines,  every  three  of  which  through 
different  vertices  are  collinearly  intersectant  with  the  opposite  sides  if 
an  odd  number  is  external. 

(Ibid,  p.  182.) 
(58.)     Ai,  Mia  and  K^  the  intersection  of  the  Symmedian  through  A  and  the 
tangent  to  circumcircle  at  C,  are  collinear. 

(Schwatt — Geometric  Treatment  of  Curves,  p.  4.) 
(59.)     If  M  X  and  F  Y  are  parallel  radii,  in  the  same  direction,  in  circumcircle 
and  Feuerbach  circle,  then  X,  Y,  and  H  are  collinear. 

(Ibid,  p.  21.) 
(60.)     If  Y'l  is  the  other  extremity  of  the  diameter  F  Y,  then  Y, ,  G,  and  X  are 
collinear. 

(Ibid,  p.  21.) 
(61.)     If  P,  a  point  on  the  circumcircle  of  ABCbe  joined  with   H»,H»',  IV^\ 
the  respective  intersections  of  the  produced  altitudes  with  circumcircle, 
and  if  the  points  of  intersection  of  P  H^  P  H^  ^  P  H^ '  ^  with  B  C,  C  A, 
AB  be  U,  V,  W  respectively,  then  U,  V,  W  are  collinear. 

(Ibid,  p.  23.) 
(62.)     AG,  B  G,  C  O  meet  the  circumcircle  in  A\  h\  C*  ;    perpendiculars  from 
M  upon  the  sides  B  C,  C  A,  AB  meet  Nagel's  circle  in  A»  ^  B' »,  C  '  ; 
the  corresponding  sides  of  A^  B'  C    and   A''  B"  C'  meet  in  three 
collinear  points. 

(Ibid,  p.  40.) 
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((>3. )     The  feet  of  the  perpendiculars  on  the  sides  of  a  triangle  from  any  point  in 

the  circa mference  of  the  circumcircle  are  collinear.     (Simson^B  line.) 
(64.)     If  two  triangles  are  in  perspective  the  intersections  of  the  corresponding 
sides  are  collinear.     A  different  statement  of  49. 
(Mulcahy — Modem  Geometry,  p.  23.) 
(65.)     The  perpendiculars  to  the  bisectors  of  the  angles  of   a  triangle  at  their 
middle  points  meet  the  sides  opposite  those  angles  in  three  points  whick 
are  collinear. 

(G.  DeLong  Champs.)     (Mackay,  Euclid,  p.  356.) 
I,  I|,  1.^,  I3  are  the  centres  of  the  inscribed  and  three  escribed  circles  of  the  tri- 
angle ABC.     D,  E,  F;  D^,  E,,  Fj ;  D,,  Eg,  Fj;  D3 ;  E3 ;  F3 :  are  the 
feet  of  the  perpendiculars  from  these  centres  upon  the  respective  sides. 
N,  P,  Q  are  the  feet  of  the  bisectors  of  the  angles  A,  B,  C. 
(66.)     A  B,  D  E,  D.^  Ej  concur  at  Qi. 
B  C,  E  F,  E3  Fa  concur  at  N,. 
C  A,  F  D,  Fj  D3  concur  at  P, . 
Qi,  Nj,  and  Pj  are  collinear. 
(67.)     A  B,  Dj  Eg,  D3  E3  concur  at  q^- 
B  C,  Ei  F3,  El  F,  concur  at  N.. 
C  A,  F3  Di,  F-4  D2  concur  at  P,. 
Q2,  Njt  and  P2  are  collinear. 
(68.)     A  B,  N  P,  Ii  I2  concur  at  Q3. 
B  C,  P  Q,  I2  I3  concur  at  N3. 
C  A,  Q  N,  I3  Ii  concur  at  P3. 
Q3  N3  and  P3  are  collinear. 
(66f  67,  68— Stephen  Wateon  in   Lady's  and  Gentleman's  Diary  for  1867,  p,  72. 

Mackay,  Euclid,  p.  357.) 
(69.)     Ma,  the  middle  point  of  Q  O  and  the  middle  point  of  Q  A  are  collinear. 

(Mackay,  Euclid,  p.  363.) 
(70.)     The  six  lines  joining  two  and  two  the  centres  of  the  four  circles  touching 
the  sides  of  the  triangle  ABC,  pass  each  through  a  vertex  of  'the  tri- 
angle. 

(Mackay,  Euclid,  p.  252.) 

(71.)     Ma,  O,  and  the  middle  of  the  line  drawn  from  the  vertex  to  the  point  of 

inscribed  contact  on  the  base  are  collinear.     A  similar  property  holds 

for  the  escribed  centres. 

(Mackay,  Euclid,  p.  360.) 
Indiana  University, 

December  18,  1898. 
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On  THE  Reduction  of  Irrational  Atx^ebraic  Integrals  to  Rational  Alge- 
braic Integrals.     By  John  B.  Faught. 

The  Inverse  operations  of  Analysis  are  more  interesting  and  fruitful  than  the 
Direct)  since  each  demands  a  new  field  of  quantity  or  a  new  kind  of  function  in 
order  that  it  may  be  possible  without  exception.  Thus  negative  numbers  have 
their  origin  in  subtraction,  fractions  grow  out  of  division,  and  irrational  and  im- 
aginary numbers  arise  in  the  extraction  of  roots.  The  same  thing  is  true  of  inte- 
gration considered  as  the  inverse  of  differentiation. 

At  the  time  of  the  discovery  of  the  Calculus  the  algebraic  and  certain  ele- 
mentary transcendental  functions  were  known.  The  algebraic  functions  included 
all  those  expressions  which  can  be  formed  by  a  finite  combination  of  the  processes 
of  addition,  subtraction,  multiplication,  division,  involution  and  the  extraction 
of  roots.  The  transcendental  functions  included  the  exponential,  logarithmic, 
trigonometric  and  circular  functions.  These  will  be  called  the  elementary  func- 
tions, and  exclude  the  infinite  series. 

It  is  a  fundamental  theorem  of  the  Integral  Calculus  that  the  integral  of  any 
rational  algebraic  function  can  be  expressed  in  terms  of  the  elementary  function?. 
This  is  sometimes  expressed  by  saying  that  any  rational  algebraic  function  can  be 
integrated. 

The  attention  of  mathematicians  was  early  directed  to  those  integrals  that  are 
made  irrational  by  the  presence  of  the  square  or  other  root  of  a  polynomial  of  the 
first,  second  and  higher  degrees.  It  was  soon  found  that  if  the  irrationality  was 
due  to  a  square  root  of  a  polynomial  of  the  first  or  second  degree  the  integral 
could  be  expressed  in  terms  of  the  elementary  function.  The  integration  being 
accomplished  in  each  case  by  reducing  the  irrational  function  to  a  rational  func- 
tion and  then  performing  the  integration.  This  method,  however,  was  found  to 
fail,  in  general,  as  soon  as  the  polynomial  under  the  radical  is  of  the  third  or 
higher  degree.  The  investigation  of  irrational  algebraic  integrals  led  to  the  dis- 
covery of  the  Abelian  functions  of  which  the  Hyperelliptic  and  Elliptic  functions 
are  special  cases.  By  means  of  these  functions  the  integral  of  any  algebraic  func- 
tion can  be  expressed. 

The  integrals  under  consideration  here  are  known  as  Abelian  Integrals  and 
are  defined  thus: 

f  F  (r,  y)  dr. 

•  - 

where  y  is  defined  by : 

./ii  (j,  .v)  =  o, 

and  F  denotes  a  rational  function  of  x  and  y. 
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If  y  is  expressed  as  an  explicit  fanction  of  /,  the  expression  will  contain,  in 
general,  a  root  of  some  polynomial.     The  definition  is  sometimes  stated  as  follows : 

Jf  {X,  y)  dx, 

m 

Byerly  (Integral  Calculus  Ch.  VI)  observes  that  "  very  few  forms  (of  the  above 
type)  are  integrable,  and  most  of  these  have  to  be  rationalized  by  ingenious  sub- 
stitutions." It  is  the  purpose  of  this  paper  to  determine  the  conditions  under 
which  irrational  algebraic  integrals  can  be  reduced  to  rational  algebraic  integrals 
and  to  present  a  method  of  obtaining  a  substitution  by  which  the  integral  is 
rationalized. 

Given  then,  the  integral : 

J  F  (j,  y)  dx. 

/n  (j:,  y)  =  0, 
where  F  is  a  rational  function,  to  determine  the  conditions  under  which  this  in- 
tegral can  be  reduced  to  the  integral : 

(r  (//)  rf/. 

where  r  is  a  rational  function. 

I^t  us  consider  in  the  first  place  the  integral : 

/f  (/,  y)  dx, 

y=zV~Vi  (r) 
where  R  (x)  is  a  polynomial  of  the  second  degree. 
The  equation : 

(1.)  ylB,(j)^0 

is  of  the  second  degree  and  hence  represents 
a  conic  section.  I^et  A  be  any  point  on 
the  curve  and  let 

be  the  equations  of  any  two  lines  through 
A,     Then 

(%.)  p  4-/9  =  0, 

represents  any  line  L  through  A,    Since 
this  equation  is  linear  in  r  and  y  it  can  be  solved  for  //  by  rational  processes.    Let 
the  solution  be : 

(4.)  y  =  V^  (i,  >). 


(o.) 

(6.) 

8 — SCIEXCK. 
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This  is  the  eqaation  for  the  determination  of  thepointa  of  intersection  of  L 
and  the  conic.  One  solution  is  known,  viz.:  a-  =  Ja.  Hence  x  —  ra  is  a  factor. 
Divide  hy  x  —  ra  and  call  the  resulting  equation  :  • 

(7.)  X(x,A)  =  o. 

This  equation  is  linear  in  x  and  therefore  can  be  solved  for  x  bj  rational  pro- 
cesses.    Let  the  solution  be: 

(8.)  x=V(?0. 

(9.)  .-.  7=0[V'(>)]. 

(10.)  dx  =  rWdK 

(11.)  .•./F(x,  y)(lr=.jF{./^(X),  0[,/;(/.)]}v^(X)ca. 

Since  F,  0,  V)  V  ^^  all  rational  functions,  it  follows  that 

F  { V' (?'),  0  [V' (>')]  ]rw- 

is  a  rational  function  of  A.     Call  this  function  r  (a). 
(12.)  .-.  fP  (x,  y)  dx  =Jr  (?,)  (A. 

As  an  illustration  consider  the  integral : 


y=\^ax^  4-  6a; -f  c^. 

(1.)  y^=ax^-\-bx-\-eK 

Take  A  as  the  point  (o,  e) 


y  =  c,  x-=o. 


and  as  the  lines  through  A : 

(2.) 
Then  the  equation  of  L  is : 

(3.)  y  —  c-f  Xx  =  o.  . 

(4.)  .-.  y~i»(x,  ?i)=e—?.x. 

(5.)  .-.  y»  =  (c— Aa-)2. 

(6. )  (c  —  ?.j)2—  (ai^-f  bx-\-e^)  =  o. 

(7i)  .-.  X(x,  /L)  =  (>.»  — a)x— (2c?.  +  6)=o. 


(8.) 
(9.) 


,  ,. .       2CA-4-6 


y  =  9[i'  (>)]  = 
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(10.) 


dz-=V(>-)d>.=2^K±^±J^dK 


T2" 


(11.)     JF{x,y)dr=2JF(^jj^.—^-j, ),        ^^^^,^,      d/.. 

(12.)  .-.  Jf  (j,  .v)  (/z  =J'r  (X)  rf>. 


In  particular: 


-^  l/oj'-^ -r- 6x  4- c2  ^   a—  >"^  • 


l/oj'-*  -:-  bx  4- 
This   method  always  furnishes  the  substitution   by  which  the  reduction  is 

effected,  viz. :    x  =  ^ .,       —  • 

Consider  next  the  integral : 

j>r,  y)  d/ 

y  =  \/   ar»  -f-  6j:-  -f-  cj  +  f/.  ~ 


(1.) 
(2.) 
(3.) 
(4.) 
(5.) 

(6.)       X(/,X) 


y2  =  a/'  +  6x^  +  C^"  +  rf- 
p  =  0,  7  =^  0. 
p  4-/7  =  0. 

^2  (x,  A)— (aj-«-f  6j'^-|-  f^  -f-  9)  =  0. 

0M^,  ^)— (g2^  -!  6j-2  4-fj_|_d) 


=0. 


Now  the  equation : 

X  (a  /)=-o. 
is  of  the  second  degree  in  x  and  hence  can  not  in  general  be  solved  by  rational 
processes.     The  necessary  and  sufficient  condition  for  the  reduction  of  the  given 
integral  to  a  rational  integral  is  that  the  coordinates  of  at  least  one  point  of  inter- 
section of  L  and  the  cubic : 

f,—y^  --  (ar^  -f  bf^  ^cjr  l-d)  =  o. 
be  expressible  rationally  in  terms  of  >.     This  will  certainly  be  true  if  the  cubic, 
f^=zOf  has  a  double  point.     For  taking  A  at  the  double  point  two  solutions  of  the 

eq  a  at  ion  : 

pi  (jv)  —  («/3  4-  b.r-'  -i-  cj:  4-  c/)  =  0. 

are  known,  and,  after  dividing  by  (  jt  —  r*  )-,  the  equation  : 

X(j-,  /.)  =  o. 
is  a  linear  equation,  and  can  be  solved  by  rational  processes. 
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If  now  the  cubic,  /,  =  o,  has  a  double  point,  then  the  first  polar : 

where /a  has  been  made  homogeneous  by  the  introduction  of  the  variable  z, 

\[  f^=.o  has  a  double  point  then  the  curve  is  a  unicursal  or  rational  curve. 

Indeed,  if  one  solution  of  X  (j,  ^)  ^^  o  is  rational,  the  other  must  also  be  rational, 

and  hence  the  cubic, /3  =  o,  is  unicursal,  and  hence  it  must  have  a  double  point, 

since  its  deficiency  is  zero. 
TKeorem :  The  integral : 


rF(x,y)dx 

J     V  =z 


can  be  reduced  to  a  rational  integral  only  when  the  cubic : 

f,-y^-R,(x)=o 
is  a  unicursal  curiae. 

Consider  next  the  general  integral : 

.rF(r,y)dx 

J        "; < 

y=v  Rn  (x),  m  —  n. 
The  curve : 

/n    ^  y*"  —  Rn  (x)  =  0 

is  of  the  n^*^  order,  and  the  equation : 

X(r,?.)  =  o 
is  of  the  (n-l)**^  degree.     If  one  rational  solution  of  this  equation  can  be  found 
the  reduction  can  be  made,  otherwise  not. 

Suppose  the  curve :    /n  =  o,  has  a  multiple  point  of  order  k,  then,  by  taking 
A  at  this  point,  the  equation 

X(x,^=o 

is  of  degree  (n-k).  In  this  case  it  is  necessary  to  find  a  rational  solution  of  an 
equation  of  the  (n-k)***  degree.  Now  /n  =  o,  has  a  multiple  point  of  omer  k  if 
the  (k-1)''*  polar  of  that  point  vanishes  identically. 

D^-i  /„  -  -  0. 
If  /„  =  0  has  a  multiple  point  of  order  (n-I),  that  is  if  : 

D"-2/n  =  0, 

then  the  equation : 

X  ( J,  A)  =  0, 
is  linear  and  the  reduction  is  always  possible. 


**  Clebsch.    Vorlesangen  Uber  Geometrie.    Vol.  I,  p.  316. 
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As  an  illustration,  consider  the  integral : 

/f  (X,  y)  dx. 

y=  ^[(x— a)-f  v/a(j-  — a)]  (x  — 2a). 

Here  we  have : 
(1.)  /4^y^  -2y,(/-a)(j:-2a)-f-0— «)(^~2a)'=o, 

and  this  curve  has  a  triple 
point  at  (2a,  o).  Taking  A  at 
this  point,  and 

(2.)    y=o,x—2a  =  o 


the  equations  of  lines 
through  A,  we  are  to  solve  for 
the  intersections  of  f^  =  o, 
and  the  line : 

(3.)     y-f  a(x— 2a)  =  o. 


Since   three   solutions    are 
known,  we  readily  find  : 

(7.)  X(r,/)  =  r(A^  — 1)^  — a(2X^  — 2/2-f  l)=o. 


(8.) 
(9.) 


'.  / 


a(2>>— 2A2-I-1). 


(/2  — 1)2 

w         o    ^             aA(2X« 
.•.y  =  — A(r  — 2a)=—  ^^ 


1) 


If  the  curve  )/n=.Oj  instead  of  having  a  multiple  point  of  order  (n — 1),  has 
^  (n  —  1)  (n  —  2)  double  points,  that  is,  if  its  deficiency  is  zero,  then  it  is  a  uni- 
cursal  curve,  and  hence  x  and  y  can  be  expressed  rationally  in  terms  of  a  single 
parameter,  and  hence  the  reduction  can  be  performed. 


Alternate  Processes.     By  Professor  Arthur  S.  Hathaway. 

i.     introduction. 

1.  The  alternate  (and  symmetric)  procesess  that  we  develop  seem  valuable 
from  their  simplicity  and  power,  and  their  general  applicability  in  all  depart- 
ment! of  mathematics.  They  may  be  employed  in  any  algebra  in  which  addition 
is  aMOciatiTe  and  commutative  without  regard  to  the  laws  of  multiplication. 
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2.  The  nutation  is  a  doubly  dual  one,  i.  e.^  from  a  given  theorem  and  proof 
a  dual  theoreni  and  proof  may  be  derived  by  correspondence,  and  each  of  these 
has  its  dual  by  another  correspondence,  so  that  every  theorem  is  of  four-fold  in- 
terpretation. 

3.  As  illustrative  applications  we  have  taken  the  extensions,  to  n-fold 
algebra,  of  Green's  theorem  connecting  integration  through  aspaee  with  integration 
over  the  boundary  of  that  space  (the  laws  of  multiplication  undetermined) ;  the 
theory  of  determinants  in  any  algebra ;  quaternions,  and  four-fold  space. 

4.  The  alternate  processes  lead  in  quaternions  to  formulas  that  are  almost 
identical  with  those  of  Prof.  Shaw's  "A  Processes,"  and  the  two  notations  are 
readily  convertible.  The  advantages  of  our  notation  are  that  it  pertains  to  a 
general  theory  and  that  its  developments  are  easy  and  natural  rather  than  arbi- 
trarv  and  labored. 

II.      DEFINITIONS. 

5.  We  consider  a  function,  0(7)1,  p^,  .  .  .  .  p«  ),  of  n  variables,  and  substitu- 
tions, Sy  s/j  etCf  that  permute  these  variables  among  themselves. 

6.  We  let  («)  stand  for  the  assemblage  («i,  gg?  •  •  •  ^w),  (a^),  stand  for  {n/^ 
«2^  •  •  ^/n')»  an*i  (0  ^^  (*)  (^)i  stand  for  (ij,  <^,  .  .  .  t«,w' )»  where  tuii=r  ^r't^^^ 
1,  2,  .  .  w,  r^^=  1,  2,  .  .  .  mfy  and  «  z^m'  (/- —  1)  -f  K,  say. 

7.  We  further  denote,  by  iis,  the  substitution  «,  with  the  factor  1  or  —  1, 
according  as  s  involves  an  even  or  an  odd  number  of  transpositions,  and  by  e(«), 
the  fraction  which  is  the  ratio  of  the  excess  of  the  number  of  positive  over  the 
number  of  rtegative  substitutions  in  (s)  to  the  whole  number  of  substitutions  in  (s). 
When  (d)  forms  a  ** group"  we  have  «(,)  =  1,  —  1,  or  0,  the  latter  value  in  all 
cases  where  the  group  contains  both  positive  and  negative  substitutions. 

1     r^m 

8.  We  denote  by  ^(«),  the  cUteituUe  process j  —    i    -   Sr.    This  process  per- 

^"    r=l 

formed  on  any  operand  ^  before  which  it  is  placed,  gives  as  a  result  a  sum  of 
terms,  -  ±_  0«r,  divided  by  the  number  of  terms  in  the  sum,  where  o^r  is  the 
function  ^  with  its  variables  rearranged  by  the  substitution  Sr. 

9.  When  (s)  includes  all  substitutions  of  the  n  variables,  so  that  m—zn,  the 
corresponding  process  is  denoted  by  A.  W^hen  a  process  pertains  to  the  group 
of  m  substitution  of  m  given  variables  (m  not=:  n),  it  is  denoted  by  A  with  the 
affected  variables  correspondingly  marked. 

10.  A  function  0  is  cUtemate  as  to  («)  when  ±_ttr  '  0^=0^  r  =  1,  2y  .  .  .  m. 

11.  A  function  6  is  nltei-nate  a»  to  (*»)  for  the  atTanf^enients  (/)  when  every  o^',.'  is 
alternate  as  to  (s). 
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12.  We  distinguish  between  Kr  *  P  =  0*r  and  '  »,-  *P;  viz.,  the  latter  function 
involves  the  symbol  s,*  which  is  a  function  of  the  variables  so  that  a  substitution 
on  the  variables  of  *  x^^,  which  have  the  same  order  as  in  9,  is  not  equal  to  the 
same  substitution  on  ^«r  •     In  fact  9'^|.0  =  ^r<^«=<r^'9* 

13.  We  have  also  symmetric  processes,  C(«>,  symmetric  functions  as  to  («),  etc.y 
whose  definitions  are  obtained  by  replacing  Ji  ^r  by  Sr  in  the  above  definitions. 
There  is  a  dualty  between  '^alternate*'  and  '' symmetric"  which  consists  in  the 
interchange  of  corresponding  terms.     The  fraction  €{9)  is  in  general  its  own  dual. 

14.  There  is  also  a  dual  interpretation  of  the  substitutions,  vu.,  write  for  the 

12  n 

moment  9  ( Pi,  P2j  '  '  Pn  )  ^  9  1*  n  '  '        where  we  have  the  number  of  a  "  varia- 

ble,''  and  beneath  it,  the  number  of  its  ^' place''  in  9*  Ordinary  substitutions 
affect  the  upper  line  of  numbers  only,  t.  e.,  the  'Variables."  The  same  substitu- 
tions on  the  lower  line  of  numbers  only  are  '^  place"  substitutions.  The  substitu- 
tion s  that  affects  the  given  number  1^  2^  .  .  ,  n  may  be  marked  «  or  ;«  according  as 
it  affecta  variable  or  place  numbers.  The  dualty  arises  from  these  two  interpre- 
tations of  the  substitutions  of  any  process.  When  the  variables  of  the  operand 
that  are  affected  by  s  occupy  the  places  corresponding  to  their  numbers,  we 
have  8  =  s-^,  and  the  processes  Jl.(«),  A(t)  give  the  same  result  provided  (s)  is  a 
substitution  group.  If,  however,  the  above  arrangement  of  the  variables  be 
affected  by  a  substitution  «^,  and  the  result  taken  as  operand,  we  have  «  =  ^  ^-^  /-\ 
so  that  the  two  processes  Jl,  A  to  the  same  group  (s)  are  in  general  different,  the 
latter  being  equivalent  to  the  former  to  a  group  that  is  similar  to  (s)  only. 

ni.      THEOREMS. 
[The  proofs  are  too  elementary  to  need  insertion.] 
Hicor,  1.     If  fjt  be  altcimate  {or  symmetric)  as  to  («),  tken  is  A(t)  tp  =({>  {or  e(s)  0). 
Theor.  2.     If  {t)  =  (a)  (O,  then  is  A{t)  ^  =  A{s)  -4(,')  •  9  =  Aig')  '  A{a)  9. 
Note. — This  result  shows  that  the  product  of  two  alternate  processes  is  an 
alternate  process,  and  that  a  process  {A(t)  may  be  expended  in  terms  of  a  given 
minor  process  {A{s)  ). 

E,g,y  A-p(jr:=^  {pAqr  — qApr-{-rApq),  A'pqri=\{Apq'Ar8-{■ 
A  r  8  '  A  p  g  —  A  p  r  '  A  q  8  —  Aqs'Apr-\-Ap8'Aqr-\-Aqr'Ap)t)y  etc. 

r 

These  are  place  expansions.     Variable  expansions  give  different  results, 

e' g  .,  A' pqr=l  A  (pq   r  —  qp   r-^q    r  p) 

=  i  {p  A  q  r  —  A  q  p  r  -{-  A  q  r  '  p).     See  art.  16. 
Cor,  J.     A{t)   '  0  =^  A{g')  (ft  {or  e{g)   •  A^a')  9,  when  9  w  alternate  {or  symmetric)  as 
to  («)  for  the  arrangemints  (/). 
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Note. — If  (s)  be  a  group  this  condition  means  practically  for  all  the  arrange- 
ment6  of  (0* 

Cor.  2.     A{t)  '  0  ^=  -4(»)  0  {or  e(«')  *  <p)  when  9  w  aUemale  (or  symmetric)  as  to  (s^). 

Theor.  3,  If  (s)  be  a  groupy  then  '  A{g)  <p  is  an  alterna>te  function  of  the  group  (a) 
for  all  arrangements  of  the  variables. 

Note. — A{m)  *  9  is  an  alternate  function  of  the  group  (s)  only  for  those  ar- 
rangements «,....  that  satisfy  s  (s)  =  {s)  s.     These  include  the  group  (s), 

Thcor,  4.     If  (a)  be  a  group,  and  (/r^)  be  any  assemblage  contained  in  (s),  then, 

A(s)  0  =  A{g)  •  A{9')  <p  —  ^(,)  Aw)  •  ^  .  . 

15.  These  are  the  principal  theorems  of  the  subject.  We  note  some  im- 
portant special  cases  where  the  processes  are  those  that  pertain  to  all  the  substitu- 
tions of  given  numbers  (variables  or  places). 

16.  Let  A'  affect  m'  given  numbers,  let  A^'  affect  m''  other  given  numbers, 
and  so  on.  Then  A'  A'*  ...  is  a  process  whose  factors  are  commutative  and 
whose  substitutions  form  a  group  (s),  consisting  of  substitutions  that  permute 
each  set  of  variables  (or  the  variables  in  each  set  of  places)  among  themselves. 
One  complementary  assemblage  (/),  such  that  (s)  {/)  forms  the  complete  group 
of  I  n.  substitutions  then  consists  of  the  substitutions  that  leave  each  set  of  variables 
(or  the  variables  in  each  set  of  places)  in  their  original  order  among  themselves. 
Any  element  9f  r'  of  this  assemblage  may  be  replaced  by  any  product  «r  ^  r'  with- 
out charging  the  assemblage  as  a  complement  of  («). 

We  then  have  from  \h.  2. 
Theoi\  2\ 
A  <l>  =  .'1(,')   '  A'  A''  .  .  ,  0— '-  '^^'•-  •  2  ±s'r'  •  A'  A''  .  .  .  6. 

In  this  expansion  of  ^  9  in  terms  of  minor  A^»*  all  terms  may  be  made  posi- 
tive by  replacing  every  negative  «'  r'  by  its  product  by  a  transposition  of  («); 

(o).  A  6  =  A{9'  0  {or  0)  when  <P  is  alUmale  {or  sgmmetrie)  cw  to  («)  Jor  aU  ar- 
rangements of  the  mriables. 

Note. — In  particular,  if(l>  be  symmetric  as  to  certain  variables  (or  plaices)  for  all 
arrangements  of  the  ixiriableSf  then  A  <i>  =  0. 

{b),  A<I»  =  A^  A''  ...  9  (or  e(jt')  '  A'  A^'  ...  0)  when  9  w  alternate  (or  sym- 
metric) as  to  («^). 

IV.      LINEAR   ALTERNATES. 

17.  A  function  (pp  is  said  to  be  linear  when  9  {^p-{-yq)^=x<pp  -f-yo^, 
where  x,  y  are  ordinary  numbers  (scalars). 

18.  A  function  o  (p^,  p.^,  .  .  .  pnt)  is  a  linear  altemaie  ofm^^  order,  when  it  is 
linear  as  to  each  of  its  variables,  and  the  interchange  of  any  two  variables  changes 
its  sign. 
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Theor,  5.  A  linear  alternate  vanUh^m  when  one  twriable  la  zero,  or  two  ixiriables  are 
equal.  It  in  unaltered  by  adding  to  any  mriable  any  sum  of  )*calar  multiples  of  the 
remaining  variables.  It  vanishes  when  two  or  more  of  its  variables  are  linearly  dependent 
—  in  partieidarf  when  the  order  of  the  alternate  is  greater  than  the  order  of  the  algebra, 

19.  It  is  easily  seen  that  in  an  algebra  of  n^^^  order  the  general  linear  al- 
ternate of  m^^^  order  is  a  sura  of  algebraic  multiples  of  «_  \m_  |/i-/»  independent 
scalar  alternates  of  m^^^  order. 

20.  If  <p  (pi,  p2f  •  •  •  P^)  ^^  *  linear  function  of  m^^^  order,  then  by  th  3  and 
note,  '  A  tp  and  A  *  ^  are  linear  alternates  of  that  order.  Also  we  have  more 
constants  than  we  need  (n»')  in  order  to  make  either  of  these  the  most  general 
linear  alternate  of  m""*''  order;  in  fact  we  have  more  than  enough  constants  to 
make  also  *  Co  or  C  *  o  the  most  general  linear  symmetric  of  m^^^  order. 

21.  In  the  use  of  Aig)  it  is  not  only  well  to  note  that  it  is  a  linear  symbol, 
but  also  that  it  is  commutative  with  any  constant  linear  symbol,  V',  of  one  variable 
(such  as  Sy  K,  A",  in  quaternions).  In  applying  .1,  however,  to  a  function  9  we 
can  not  reduce  the  value  of  o  by  reason  of  any  special  values  of  the  variables  i,  f, 
if  for  special  values  of  the  variables  we  have  9  =  w',  we  do  not  therefore  have 

22.  In  any  algebra  of  n^"'  order,  we  may  take  the  units  ij,  i_>,  .  .  .  in  as 
the  numbers  of  n  independent  directions  of  unit  length  (not  necessary  rectangu- 
lar). Also,  any  number  p  :=rz  x^  I'l  -j-  x.,  i.,  -)-..-■'-  /«  in  where  r,,  r^»  .  .  /«  , 
are  ordinary  numbers)  may  be  taken  as  the  number  of  a  line  whose  components, 
according  to  the  parallelogram  law  of  addition,  are/i  i,,  x.,^  I2,  .  .  /n  in.  Taking  a 
fixed  origin  0,  any  point  P  has  a  definite  co-ordinate  /),  the  number  of  the  line 
0  P.  Any  number  of  independent  lines  have  two  orders  of  arrangement  such 
that  the  interchange  of  two  lines  changes  the  order  of  arrangement.  A  change  of 
order  in  the  argument  lines  of  an  alternate  therefore  changes  its  sign. 

%\.  Consider  an  m-space  bounded  by  the  tangential  paths  of  m  independent 
differentials  d^  p,  d.,  p,  .  ,  .  d,n  p.  This  space  may  be  taken  so  small  as  to  be  ap- 
proximately an  m-parallelogram  whose  r^*^  pair  of  opposite  faces  intersect  the 

■ 

lines  of  dr  p  and  contain  the  remaining  lines  through  the  points  of  these  faces. 
By  (r —  1)  interchanges  the  *'r'*''"  order  dr  p,  d^  p^  .  .  d,-—  i  Py  dr-{-  i  p,  .  .  d,„  p 
becomes  the  "i***"  order  d^  py  .  .  dj„  p.  These  interchanges  may  be  made  so  as  to 
leave  </r  P  first.  At  the  initial  "/i**"  face  d,-  p  is  inward,  and  we  have  r  inter- 
changes from  the  r'***  order  in  the  difierentials  exclusive  of  dr  p  to  bring  the  >''*'* 
order  to  the  first  order,  say  d^i  p,  </',•  p,  d^m  />,  wher  d^i  p  -—  —  dr  p  is  outward. 
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24.  If  ^  (/),  di  Pj  d-i  Pi  '  '  .  dr—i  p,  dr+  I  Pj  .  .  .  dm  p)  =zo^,be  any  function 
of  Pf  that  is  linear  in  the  differentials^  then  if  dr  denote  differentiation  corre- 
sponding to  dr  Py  while  A  affects  the  subscripts  of  the  differential  Bymbols  that 
follow  it,  we  have  for  integration  through  the  m  space, 

(-  l)** "  'j"'dr  •  A  ^r  :=f'"  ~  U  <P  (p,  dT,  p,  .  .  ,  d'n,  p) 

over  the  r^^^  pair  of  faces,  where  d^i  p^=^  dr  p  is  outward  at  each  face.  Thus 
summing  for  every  pair  of  faces  and  noting  that,  by  th  2%  2  ( —  1)*"-J  rf^  ^  0,.  =  m 
A  .  d^  i^  {p,  d2  p,  d^  p^ ,  ,  dm  p),  we  have  the  following  theorem  connecting  inte- 
gration through  any  m-space  with  integration  over  the  (m-1)  boundary  of  that 
■pace : 

Thear.  7.  /'»» 


ml     A  ,  di  0  (Pj  dz  Pj  d^  Pf  .  .  .  dm  p) 

=z  ^         Aip  (pf  d\  p,  d\  p,  .  .  .  d'm  p). 


25.  The  elements  d^  p^  .  .  .  dm  p  are  in  the  same  order  of  arrangement 
throughout  the  integration ;  and  at  the  boundary  d\  p^  .  .  d^m  p  are  in  the  same 
order,  with  d^i  p  outward. 

Any  space  may  be  divided  into  these  small  finite  spaces  by  the  differential 
lines  and  the  contributions  to  the  boundary  integral  made  by  intermediate  faces 
cancel  each  other,  except  where  the  value  of  ^  is  different  on  two  sides  of  the 
same  face  at  the  same  point  of  it.  In  this  case  such  intermediate  boundary  must 
be  retained  in  computing  the  boundary  integral. 

V.      ALTERNATE  PRODUCTS. 

26.  Let  ^  {pu  Pa  '  •  '  Pn)=<Pi  Pi  '  02  Pi  0w  Pn  • 
We  then  have: 

01  Ply  02  Ply  '  '  '  0«Pl 


H_  A  ,  <S>  = 


01  P2  02>  Pij  •  •  •  9nP. 


01  Pn9i  Pn      ...  0/1  p« 

27.  This  determinant  is  multiplied  out  by  ordinary  rules,  except  that  since 
the  factors  may  not  be  commutative,  or  even  associative,  each  product  must  appear 
in  the  order  and  association  given  by  <?.  The  expansions  ,of  Thtor.  2'  are  then 
expansions  of  this  determinant  in  terms  of  its  minors  either  by  rows  or  columns, 
according  as  we  employ  place  or  variable  substitutions. 

28.  When  two  factors  of  the  product  o  are  commutative,  for  all  arrange- 
ments of  the  variables,  such  factors  are  also  commutative  in  A  o.  The  inter- 
change of  the  corresponding  functional  symbols  alone  has,  therefore,  the  same 
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effect  in  changing  the  sign  of  ^  ^  as  the  interchange  of  the  variables  alone. 
Hence  when  all  the  factors  are  commutative,  the  A  may  operate  either  on  the 
variables  or  on  the  functional  symbols,  and  since  J  9  is  linear  in  the  latter,  it  has 
the  properties  of  linear  alternates  with  respect  to  the  functional  symbols.  If  the 
functional  symbols  be  linear,  the  alternate  A  9  is  also  linear  with  respect  to  the 
variables. 

VI.      QUATERNIONS.  .      , 

29.  We  consider  linear  alternate  products  whose  functional  symbols  are  i,  S^ 
Vy  K.     The  symbol  iS  gives  a  factor  that  is  commutative  with  any  other  factor,  so 
that  any  other  symbol  in  the  same  product  with  S  may  be  reduced  by   +.  n  -S,     ' 
where  n  is  a  scalar. 

30.  By  substituting  l=5-|-^'i  K=S — F  and  expanding,  our  linear 
alternate  product  of  any  order  is  found  to  depend  on  two  in  which  the  symbols 
are  either  all  For  one  S  and  the  rest  V,  Two  S  symbols  give  an  alternate  pro- 
duct that  is  identically  zero  {Tkeor.  2,  note).  It  appears  that:  the  two  of  second 
order  are  vectors ;  the  two  of  third  order  are  a  scalar  and  a  vector ;  one  of  the 
fourth  order  is  zero,  the  other  is  a  scalar.  Any  linear  alternate  of  fifth  or  higher 
order  is  identically  zero. 

31.  In  the  geometrical  interpretation  in  which  1,  t, ,;',  k  are  the  numbers  of 
four  mutually  perpendicular  unit  lines  in  four-fold  space,  the  condition  of  per- 
pendicularity of  /),  (J  IS  S  .p  K  q^zo^^S  .  K p  ,  7,  i  e.f  p  K  f]^:^  —  7  K Pf  K p  .  7 
=  —  K q  .  p.  Thus  in  any  alternate  product  whose  functional  symbols  are  alter- 
nately i,  A',  and  whose  variables  occur  in  sets,  such  that  any  two  of  diflferent  sets 
are  perpendicular,  we  have 

A<i>  =  A'  A'\  .  .0, 

where  A'  A^^  are  alternate  symbols  that  affect  the  different  sets  of  variables  [th  2^ 
(6),  art.  16.]  In  particular,  if  all  the  variables  are  mutually  |>erpendicular,  then 
A'  =  1,  A''  --  i,  and  .40  —  9. 

32.  The  alternates  of  second  order  are  ; 

(a).     .1.  Vp.  Vq—  V.  Vp.  Vq  =  Li^jM^yk. 

(b).     2  A  .  S  p  .  V  q  .  r=  2  A  .  S  p  .  4  =  A  i  +  B  j  4-  C  k. 

.1,  7?,  (7,  L,  My  N  are  the  six  independent  scalar  linear  alter- 
nates of  second  order,  and  are  the  coefficients  of  o  (i,  i ), 
o  (i, /),  0  (i,  k)y  9  (jj  k)y  9  (ky  i),  o  (i,^),  lu  tho  expansion  of 
any  linear  alternate  o  (/),  7). 
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33.  We  have  further : 

(a).     A.pq  =  A  .  V,pq  =  A.  Vp  .  Vq  =  V.  Vp  Vq  =z  A  .  Kp .  Kq. 
(b).     A  .  p  Kq  =  V,  p  Kq  ^=  ^  2  A.  Sp .  q  —  A,  pq, 
(c).     A.Kp.q  =  V.Kp.q  =  2A.Sp.q  —  A.pq. 
Note. — These  and  similar  formulas  are  useful   in   computing  alternates  of 
higher  order.     Thus  a  factor  jd^  of  a  product  may  be  replaced  by  ^.  pg  [ih  4]  or 
any  of  its  equivalent  values  in  (a)  with  or  without  the  partial  A, 

34.  Resolve  q  into  q^  -^^  ff^  respectively  parallel  and  perpendicular  to  p. 
Then  A  ,pKq=z  A,p  K(f^^^p.  Kif^[th6,  art  81  j  ].  Its  tensor  is  therefore  baae  X 
aUiiude  of  parallelogram  on  9,  p,  as  sides.  We  call  A  .  p  K  q  the  vector  area  of  the 
parallelogram  (q^  p).  It  gives  plane,  direction  and  tensor,  by  the  plane,  direction 
of  turn,  and  tensor  of  the  vector.  Observe  that  ^  .  p  7  =:  T''.  Vp  Vq  h  perpen- 
dicular to  the  three-space  (i,  Vpy  Vq)  z=  (i,  p,  7 ). 

35.  The  alternates  of  third  order  are : 

(a).     A,  Vp,  Vq.Vr  =  A.A,  Vp.  Vq.  V7=A.  S.  V  p.  VqVr=i 

S  Vp .  Vq .  Vr.     We  call  this  scalar  —  o. 
(b).     8  A  .  Sp.qr=:3A,Sp.Vqr=bi-\-ej-\dk. 
The  four  independent  scalar  alternates  of  third  order  are  Oj  b^  e,  df  respec- 
tively the  coefficients  of  <p  (i,  jj  k)j  ^  f  1,  j,  k),  ^  (1,  ifc,  i  )  <^  {1^  i,  j)  in  the  expansion 
of  any  linear  alternate  ^  (p,  9,  r). 

36.  We  have  further: 

(a).     A  .  pq  r  :=  A.  V  p  .  q  r-f- A  .  Sp.  q  r 

(b).     8.A.fK{rz=S.Vp.Yq.YT  =  S.pAqr  =  SA  .pAqr  — 

iS(p  Aqr-\~q  Arp-{-r  Apq)  etc, 
(c).      V,A,pqr^=A,S.p.qr^=  —  A  .  p  ,  S  q  .  r  etc^  = 

J  T".  (p.  ^9r  +  9.4rp-t-^^P9)  ^tc. 
(d).     A.  p.  Kq.  r=  — S.  Apqr  =  3.  V.  A  pq  r 
(e).     A.Kp.q.Kr  =  —  KA.p.Kq.r  =  SA.p(|r  —  3V.  Apq  r 
=  8.pAqr  —  3A.Sp.Aqr. 
Note. — This  alternate  is  Shaw's  A  .  p  q  r,  and  his  formulas  hold  in  the  present 
notation  with  this  value  of  his  .4  .  p9  r .     In  the  present  notation  a  function  that 
is  used  as  a  variable  must  be  enclosed  in  brackets.     Thus  A  [S  p]  q  =  0,  where  the 
S  follows  the  p,  but  A  .  Sp .  9  is  not  zero.     Similarly,  Shaw's  value  oi  A  .pq.  Ar  i^t 
becomes vl .  Kp .q .  K[A.  Kr .  S.  Kt^^=6A  .  r .  Sps .  Sqt. 

37.  Resolve  r  into  i-^  -f-  ^^  respectively  parallel  and  perpendicular  to  the 
plane  of  p,  9,  and  then  A  .  p.  Kq .  r^=(A,p.  Kq) .  /'',  whose  tensor  is  b<ue  X  a''i- 
tude  of  the  parallelopiped  on  p,  9,  r  as  edges.  We  call  this  the  quaternion  volume 
of  parallelopiped.     It  will  be  shown  that  this  is  a  line  perpendicular  to  the  edges 
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of  the  parallelopiped  in  the  relative  direction  of  1  to  i,  J,  k.  We  have  A.p,  K  q,  1 
=  —  SApq.  Also  A  .  Kp  .  q ,  Kr  ib  the  quaternion  volume  of  the  parallelopiped 
(Kp,  Kq,  Kr,) 

38.  The  alternates  of  fourth  order  are  : 

(a).     A  .  Vp  .Vq.Vr.Vg.=0,  since  it  is  its  own  conjugate  and  is 

in  form  the  vector  A  .  Vp  ,S,  Vq .  Vr .  Va, 
(b).     4A,Sp.  Vq  Vr  V8  =  4  A  .Sp,  S  .Vq  .Vr,V8  =  —  D,  AactiltLT. 
D  is  the  coefficient  of  ^  (i,  i,  j^  k)  in  any  linear  alternate 
^  ( Pi  7i  ^  <)•     ^11  our  alternates  of  fourth  order  are  scalars, 
zero  when  they  can  be  shown  formally  as  vectors. 

39.  We  have  further : 

(a).     0  ^^  A  .  p qr  8^^-  A  ,  Sp .  1' .  7 r «  =  J  .  Vp S .  qrn^  etc. 
(b. )     S.  p  .  A  ,  Kq .  r  Ka:=^4  A  .  Sp  .  iS ,  q  A  .  rg 

=  —  4  A  .  Vp  .  V.  q  A  r8  =  4  A  .  Sp  .  Vp  Vq  .  Vh.  etCy 
=r  A  ,  S .  p  .  Kq ,  r  .  Ks  :=^  A  .  p .  Kq  .  r .  AT 8,  etc. 
Note. — The  first  equation  of  (b)  follows  from  36  «,  thus:  .4  .  Kq,  r  .  K8^=. 
S.  q  A  r8 — (Sq.  A  r«  —  Sr.  A  .  qa-^-S^.  A  .  y  r),  and  operating  by /s'.  p.we  find  (b). 
Note. — From  (b),  .V.  s  A  .  A''p .  q  Kr^=  —  S.  a  KA  p  .  Kq .  r  is  an  alternate  of 
fourth  order ;  it  therefore  vanishes  when  a  —  p.  7,  or  r,  —  in  other  words  Ap.  Kq .  r 
is  perpendicular  to  the  lines  p,  7,  r.      To  find  the  order  in  space  makep^  9y  ^  = 
f,  jj  it,  whence  A  .  p.  Kq ,r=^i.  Kj .  k=l. 

(c).    S .  K p  A  .  q  .  K  r  .  8^  —  S .  p  A  .  K  q  .  r  Ka ^  D  =: ^4 .  A'p .  7 
A'  ;• .  >♦,  f/C. 

40.  Resolve  p  into  p^  {-  p'^  respectively  in  and  perpendicular  to  the  space 
7,  r,  ^«,  thus: 

A  .  Kp  .  q .  A' r .  «  =  Kp'\  Aq  Krsy 

whose  tensor  is  altitude  X  ^^  of  the  four  parallelogram  on  py  7,  /-,  8  as  sides.  This 
is  the  scalar  content  of  the  four-parallelogram,  positive  when  in  the  order  1,  t,  ;',  Jl* 
since,  substituting  these  values  in  the  alternates,  the  result  is  A'^i  .  t .  KJ .  k=:  1. 

41.  We  have  identically  A  .  K  p  .  q  .  K  r  .  a  ,  t  =^  0. 
Let  p^  =:  A  .  q  .  K  r  .  8y  if  ^=  —  A  .  p  .  K  r  .  a^ 

r'mA.p.Kq.s,  6''  =  —  A.  p.  Kq.r 
Then  A  .  K p  .  7  .  K  r  .  a  =^  S p^  Kp  =  *S'  (f  K  7,  etc.y 
and  our  expanded  identity  is, 
(a.)     t  Sp'  Kp  =  pS.t  Kp'  -r-  7  S.tKq'+rS.t  Kr'^-a.St  K/. 

42.  If  9  A  be  a  linear  function,  we  have 

(a.)     4  A  .  p  ,  K  q .  r  .  f}m=:  c ,  S  p'  K  Pf  where  r^=z4A.l.Ki.j.ok 

—  —  [^  1  +  t  0  t  +j  ^  j  +  ^'  9  ^•]. 


n 
it 
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We  have  c  ^  —  t  when  0  s  =:  S  t  K  Bj  and  (a)  becomes^ 

(6.)     tSp'Kp  =  p'StKp-{-(fStKq^r'StKr  +  8'StK8. 

43.  If  V'  [pt  7),  9  (ff  s)  be  linear  functions,  we  have  6 .  A  .  i>  (/>,  7)  .  9  (r,  «) 

=:  c  ^V;/  Kp  where  c  —  A  t/^  (1,  i)  .  A  0  (j,  il)  +  ^  «/'  (J,  /I)  .  A  9  (1, 
i)  +  two  similar  terms  found  by  advancing  i,  J,  /:. 
^i  V'  (p,  7)  =  V'l  ip  K  7),  then  A  V  (i,  i)  ==  il  V  j  k  —  —  t/'i  *,  t'^c 

=  V,  (A>  v),  then  ^  V  (1,  0  =  —  .4  V  (i,  k)  =  1/^,  i,  c/c. 
=  V'l  (p  7).  then  .4  V^  (1,  i)  =  0  .4  V  ( j  A)  ::=  V,  i,  ^/c 
=  2  V'l  (-Vp  .  7)  then  A  tfj^  i  =  •/-,  i,  ^  ./.  (i  k)  =n  0,  c^r. 
We  have  thus  the  identities, 

(a.)     A  ,  ti'  (p  K(i)ii>  {Krs)  =  0. 
(6.)     A  .  V  (p  q)  ^  (rs)  =0. 
(c.)     A  .  i/'(Sp.  q)  (^  (Sr.  s)  :ii:0. 

(d.)     «.  A.pii.S(rKr,)S{8K8^)  =  A^Sri  .  s,  .JSp'Kp. 
In  fact  these  methods  may  be  employed  to  multiply  formulas  indefinitely. 
The  above  are  interesting  as  giving  the  general  relations  between  the  six  vector 
alternates  of  the  same  form  that  may  be  derived  from  the  quaternions  p,  9,  r,  s. 

44.  We  note  the  following  geometrical  interpretations:  (p,,  9,,  dc.  not 
affected  by  A\. 

(a.)  2A.pS.qKqiiia  line  in  the  plane  (/),  q)  thai  w  perpendicular  to  q^  ; 
viz.y  it  18  A  p  K  q  .  prqje^Uiofi  of  q^  on  the  plane  (p,  </). 

That  it  is  a  line  perpendicular  to  qi  in  the  plane  (p,  q)  is  seen  by  its  form 
and  the  fact  that  the  operator  S  .  K q^  gives  an  alternate  of  a  symmetric  product 
which  is  zero  by  ih  2\ 

Note. — We  have,  for  the  complete  proof : 

.1  .  p  .  A'  7  .  7i  :=  i  -4  (  p  .   Kq  .  qi  —p  ,    K  q^    •  7    f  7l   -  J^ P  •  q) 
2  A  .  p  iS' .  7  A' 9i  =  ^  ( p  .  A'  .  9,  ,  q  -r-  p  ,  K  q  q^)  -^  A  {q  K  q^  ,  p 
+  7i  A'7  .p)  —  }i  A  (  2  p  .  K q  .  q^  -\-  p  .  K  7,  .  7  —  7,  .  A'p  .  7), 
so  that  A  .  p  .  K q  ,  q^  .  -\-  2  A  .  p  S .  q  K  qy  -^  A  p  K q  .  q^.     In  this  result  re- 
solve 7i   into  7/^  +  7/''^  respectively  parallel  and  perpendicular  to  the  plane 
(p,  7)  and  it  becomes  (since  -4  .  p  .  A"  7  .  7,  ^  A  p  K  q  .  7/'"'), 
2  A.p  .S  .qKq^—  A  .pKq  .  7/'  Q  .  E.  I). 

45.  Operating  on  the  last  result  by  S.  K  p^  and  remembering,  since  the  planes 
(P»  9)}  (Pi»  7/''0  are  perpendicular,  that  «S'.  -4  p  A" 7  .  ^4,  pi  A"  7/^^=  o,\ve  find, 

(a).    '2^  .  S{p  Kp^)  S{q  Kq,)—-  S.  A  p  Kq.  Ay  p,   K  q, 
=  product  of  areas  times  cosine  of  angle  between  the  planes  of  the  parallelo- 
grams (/),  7),  (p,,  7i).     If  we  drop  the  subscripts  after  expansion,  we  have  the 
squared  tensor  of  the  area  of  ( p,  7)  m.,  T-  A  p  K  q. 
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46.  Similarly  we  have, 

(a).     6  A  .  p  ,  S  {q  K qi)  S  (r  K r^)  =:  line  in  space  ( />,  7,  r)  perpendic- 
ular to  plane  (91,  r^). 
This  line  is  therefore  —  -4j .  q^ .  Kr  ^  .[A,  p,  /Tg.  r  ],,  the  constant  factor 
being  determined  by  putting  p,  7,  r=:i,  ;,  k,  91,  r^  =J,  it.     This  beeomes,  to  the 
factor  Sr  K I'lj  the  line  of  44  (a)  when  r^  is  perpendicular  to  the  plane  (p,  9) 
(b).     5^.*S(pA>i  )*V(9A^9i)5(rA'ri) 
^=S.  A  ,p.  Kq,  r  K,  Ai,pi  .  A'^i  .  r, 
=  product  of  yolumes  times  cosine  of  angle  between  the  spaces  of  the  parallelo- 
pipeds(/),  7,  r),  (pi,  7,,  /•,) 

(c).     24  -I .  p  iS" (7  K  qi)S  (r  Kr^)  S{s  K 81)=:  line  perpendicular  to 

(/>i,  <7i» ''i)  =  -liPi-  Kq^.r^.Sp" Kp. 
This  becomes,  to  the  factor  *S  («  A'«, ),  the  line  (a)  when  «,    \_  (p,  7,  r). 
(d).     24  A ,  S{p  Kp,)  S (q  Kq^)  S (r  Kr^),  S (8  Kh^) 

=:S p^  K p  .  S p^i  Kpi  =  product  of  scalar  contents  of 

47.  We  have  given  sufficient  illustrations  of  the  value  of  alternate  processes. 
The  symmetric  processes  are  capable  of  similar  development  although  we  have 
scarcely  touched  upon  them. 


A  New  Form  of  Galvanometer.     By  J.  Henry  Lendi. 

The  galvanometer  which  I  am  about  to  describe  is  a  result  of  the 
difficulties  experienced  In  attempting  to  make  use  of  several  very  sensitive 
galvanometers  in  the  physical  laboratory  of  the  Rose  Polytechnic  Institute. 
These  difficulties  are  due  to  local  changes  in  the  earth's  magnetic  field, 
arising  from  moving  locomotives,  electric  motors  and  street  cars  in  the 
neighborhood  of  the  laboratory.  It  will  be  seen  that  the  existing  condi- 
tions are  anything  but  favorable  to  the  use  of  a  very  sensitive  galvanom- 
eter depending  on  the  earth's  field  for  the  directive  force. 

In  the  past  year  or  two  several  attempts  have  been  made  to  overcome 
this  difficulty  by  making  a  galvanometer  of  the  D'Arsonval  type;  that  1% 
one  in  which  the  directive  force  is  independent  of  the  earth's  field.  This 
gralvanometer  dififered  only  from  the  ordinary  D'Arsonval  instrument  in 
that  the  field  was  excited  by  an  auxiliary  battery  instead  of  a  permanent 
magnet.  By  this  means  we  were  able  to  secure  a  very  intense  controlling 
field,  and  thereby,  thought  we  should  be  able  to  make  a  galvanometer 
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more  sensitive  than  the  ordinary  form  of  D'Arsonval,  and  at  the  same 
time,  make  use  of  it  in  places  where  there  was  a  liability  to  local  changes 
in  the  earth's  field. 

But  in  this  we  were  disappointed,  for  the  reason  that  it  was  found  im-" 
possible  to  make  a  deflecting  coil  free  from  magnetic  impurities*  in  both 
the  insulation  of  the  wire  and  the  wire  itself. 

This  magnetic  property  of  the  deflecting  coil,  it  is  easily  seen,  intro- 
duced a  moment  opposite  to  that  which  tended  to  produce  a  deflection  of 
the  coil,  and  therefore  greatly  reduced  the  sensibility  of  the  instrument. 

This  last  difficulty  would  be  entirely  eliminated  if  the  controlling  field 
were  uniform  within  the  limits  and  in  the  direction  of  the  motion  of  tho 
defiecting  coil. 

This  has,  I  believe,  been  accomplished  in  the  instrument  I  will  now 
describe: 

The  field  magnet  is  an  ironclad  electro-magnet  of  cylindrical  form  (Fig. 
1),  the  enveloping  shell  (K)  being  simply  a  continuation  of  the  core  of  the 
electro- magnet  M,  the  only  opening  for  the  magnetic  field  being  an  annular 
slot  %"  wide,  1%"  outside  diameter  and  of  depth  %".  In  this  slot  the 
deflecting  coil  (G)  is  suspended  by  means  of  its  two  terminals  (R,  R). 
This  form  of  field  magnet  will  give  us  a  uniform  field  in  the  direction  of 
the  slot,  provided  the  two  cylinders,  forming  the  slot,  have  their  axes 
parallel,  (not  necessarily  coinciding). 

Still  another  provision  was  made  to  guard  against  the  non-uniformity 
of  the  field  by  multiplying  the  motion  between  the  deflecting  coll  and  the 
mirror  so  that  a  very  small  displacement  of  the  coil,  and  consequently  in- 
sensible change  of  field  in  which  it  hangs,  would  produce  a  readable  deflec- 
tion of  the  mirror. 

This  multiplication  is  accomplished  by  the  peculiar  suspending  mech- 
anism. * 

Between  the  two  i)illars  (A,  A)  there  are  suspended  two  light  brass 
pulleys  (P,  P)  by  means  of  the  piano  wires  (W,  W)  (diameter  .01"). 
These  and  the  wires  are  insulated  from  each  other  by  the  piece  (C),  the 
faces  of  the  pulleys  are  directly  over  the  fleld-gap,  and  wrapped  around 
them  are  the  two  terminals  (R,  R)  of  the  deflecting  coil  (G),  so  that  an 
electric  circuit  can  be  established  between  the  pillars  (A,  A)  by  way  of  the 
deflecting  coil. 
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Agaiu,  to  the  insulating  piece  (C)  there  is  attached  an  arm  (D)  which 
supports  one  of  the  fibers  of  the  bifilarly  suspended  'mirror  (E),  the  other 
fiber  being  attached  to  a  fixed  pillar  (F),  which  has  an  adjustment  to 
change  the  distance  between  the  ends  of  the  fibers.  To  explain  the  action 
of  this  mechanism,  suppose  the  field  magnet  (M)  to  be  excited,  and  thereby 
producing  a  very  Intense  magnetic  field  in  the  field  gap,  and  that  a  small 
current  be  flowing  in  the  deflection  coil  freely  suspended  in  this  field  gap. 
The  result  will  be  an  upward  or  downward  motion  of  the  defiection  coil, 
according  to  the  relative  directions  of  the  currents  in  the  two  coils. 

This  motion  will  be  communicated  by  means  of  the  terminals  to  the 
pulleys  (P,  P),  which  will  be  rotated  about  their  axis,  the  piano  wire,  car- 
rying the  arm  (D)  with  them. 

It  will  be  seen  that  if  the  ratio  of  the  radius  of  the  pulleys  to  the  arm 
(D)  be  1-r,  then  will  the  upper  extremity  of  (D)  describe  an  arc  whose 
length  is  r  d,  where  d  is  the  distance  that  the  coll  moves  up  or  down. 

Again,  supjK)se  the  horizontal  distance  between  the  upper  ends  of  the 
bifilar  suspension  to  be  s,  then  will  the  mirror  (E),  which,  of  course,  hangs 
in  the  plane  of  the  two  fibers,  make  the  angle  Tan -ird-^s with  its  initial 
position.  And  therefore  for  a  given  value  of  rd.  the  defiection  of  the 
min'or  will  approach  a  maximum  as  s  decreases. 

We  are  thus  able  to  increase  the  sensibility  of  the  instrument  in  a  very 
convenient  numner,  and  what  is  more,  we  can  change  it  a  given  amount 
at  will  by  simplj-  changing  the  distance  s  by  means  of  the  graduated 
screw  (T). 

The  instrument  has  been  completed  but  a  short  time,  and  therefore  we 
have  not  been  able  to  give  it  a  fair  test,  but  the  experiments  that  have 
l)een  made  are  sufficient  to  indicate  that,  with  a  few  changes  In  the  me- 
chanical details,  our  object  has  been  attained. 


Note  on  Some  Experiments  to  Determine  the  Ratio  Between  the  Elastic 
Limit  in  Tension  and  in  Flexure  fob  Soft  Steel.     By  W.  K.  Hatt. 

The  fact  that  the  material  at  the  top  and  bottom  of  a  beam  of  ductile  material 
will  show  an  elastic  limit  in  flexure  higher  than  its  elastic  limit  in  tension  has 
been  noted  by  experimenters,  by  Baoshinger  and  M.  Considere,  for  instance.  For 
steel  bars  the  elastic  limit  in  flexure  was  i  to  |  larger  than  in  tension,  and  the 
increase  is  a  function  of  the  shape  of  cross-section  and  ductility  of  material.    The 
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increase  maj  be  explained  by  considering  that  when  a  beam  is  bent  to  the  elastic 
limit  of  the  outside  fibres,  connection  between  these  fibres  and  those  just  below 
will  prevent  the  free  contraction  or  expansion  of  the  outside  fibres,  and  thus  the 
beam  has  its  elastic  strength  increased.  In  case  of  harder  steels  and  materials 
•ach  as  cast  iron  or  wood,  no  such  increase  may  be  expected.  Experiments  are 
being  carried  on  by  the  writer  to  determine  as  completely  as  possible  the  increase 
of  the  elastic  limit  as  a  function  of  the  shape  of  the  cross  section.  Up  to  the 
present  a  series  of  ~  beams  have  been  tested,  and. a  series  of  flat  plates.  The  tests 
in  flexure  are  compared  with  tests  in  tension  on  material  cut  from  the  flexure 
specimens.  The  plates  were  partly  6^^  XI''''  with  span  of  28''^  and  partly 
71^'  X  ^V^  in  section  with  a  span  of  M/^.  The  increase  in  the  elastic  limit  for 
the  plates  was  55  per  cent,  in  the  first  case  and  27  per  cent,  in  the  second  case. 

A  specimen  3^^  X  ^^^  in  section  tested  with  a  span  of  57^"^  showed  an  elasti 
limit  of  42,000  lbs.  G''^*  A  tension  test  was  not  made  of  this  material,  but  the 
yield  point  reported  by  the  mill  is  37,950  lbs.  rj^^,  Mr.  Gus  Henning  has  shown 
that  the  elastic  limit  of  rolled  material  is  some  4,000  lbs.  C]^^  ^^sa  than  the  yield 
point  from  the  billet,  and  if  the  37,950  lbs.  G^^  is  thus  reduced,  the  42,000-lbs. 
Q^^  elastic  limit  in  flexure  will  represent  an  increase  of  27  per  cent. 

When  tl|e  height  increases  in  comparison  with  the  breadth,  the  excess 
strength  in  flexure  disappears,  and  for  the  IT  beams  tested  the  elastic  limit  in 
flexure  was  slightly  less  than  that  of  a  tension  specimen  cut  from  the  web. 

It  is  to  be' noticed  also  that,  in  the  case  of  flat  plates,  there  is  not  free  elastic 
expansion  in  the  side  direction  during  flexure;  consequently  the  modulus  of 
elasticity  should  be  increased.  The  tests  on  seven  plates  show  an  average  in- 
crease of  3.6  per  cent,  in  Young's  Modulus. 


Note  on  Compbessiyb  Strength  op  Wrought  Iron.    By  W.  K.  Hatt. 

While  the  tensile  strength  of  wrought  iron  or  steel  is  a  definite  quantity,  the 
compressive  strength  is  not  so  well  defined.  In  the  case  of  wrought  iron  the 
compressive  strength  is  quoted  by  diflerent  authors  in  values  from  40,000  to  90,000 
pounds  per  square  inch  for  a  state  of  stress  consisting  of  compression  in  one  direc- 
tion only.  The  strength  of  any  specimen  is  a  function  not  only  of  its  physical 
properties  but  of  its  shape,  and  the  maximum  resistance  to  compression  may  be 
anywhere  from  the  elastic  limit  to  the  plastic  limit,  depending  on  the  shape  of 
the  specimen  tested.  It  is  not  customary  to  test  iron  and  steel  in  compression, 
since  the  results  of  a  tension  test  give  an  index  of  the  capacity  of  the  material  to 
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resist  cpmpression ;  and,  while  definite  standards  exist  for  the  shape  of  tension 
specimens,  no  such  widely  accepted  standards  exist  for  tests  in  compression. 
Before  defining  such  a  standard  we  must  know  the  relation  hetween  the  size  and 
shape  of  specimens  of  different  grades  and  their  strength.  Experiments  to  deter- 
mine their  relation  for  wrought  iron  have  been  undertaken  at  Purdue  University 
by  the  writer,  in  conjunction  with  Messrs.  Fletemeyer  and  Ailing,  and  the  results 
are  now  ofiered  to  the  Academy. 

There  were  tested  140  square-ended  cylindrical  specimens,  ranging  in  length 
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from  1  to  10  inches,  an  area  from  J  □^''  to  1  lJ''^,  covering  a  ratio  of  --  from  6  to 

60.     The  yield  point  in  compression  remained  practically  independent  of   the 

shape  of  the  specimen,  and  the  maximum  resistance  of  the  specimen  was  practi- 
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cally  the  yield  point  when  the  ratio  —  exceeded  38  (10  diameters).     For  stouter 

Z 

specimens,  whose—  was  less  than  38,  the  maximum  load  exceeds  the  elastic  limit 

by  an  increasing  amount,  the  excess  for  a  given  value  of —  being  the  same  for 

different  grades  of  iron,  and  difierent  area  of  specimen. 

The  material  was  plastic  at  77,000  lbs.  to  Q"''  with  a  compression  of  J. 

The  writer  would  recommend  that  the  term  compressive  strength  should  mean 
either  the  elastic  limit  or  the  limit  of  plasticity,  both  of  which  are  definite  points. 

It  does  not  seem  that  it  is  necessary  to  specify  any  standard  shape  of  speci- 
men for  compression.  • 


Camphoric  Acid.    By  W.  A.  Noyes. 
[Abstract.] 

The  work  done  with  Mr.  E.  B.  Harris^  indicates  that  cis-campholytic  acid 
may  possibly  be  the  neighboring  /\^  tetra  hydroxy ly  11  ic  acid, 

CH,         1. 

/ 
CgH-  — CO,  H    2. 

\ 

Cxi^  3. 

The  paper  gave  an  account  of  work  which  has  been  done  in  the  endeavor  to 
prepare  this  acid.  The  acid  has  not  yet  been  obtained,  and  the  difficulties  met 
with  have  been  unusual,  but  work  on  the  subject  is  still  in  progress. 

1.    Amer.Chem.  Jour.,  25,694, 1896. 
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Certain  Ck)MBUsnoN  Products  of  Natural  Gas.    By  P.  N.  Evans. 

The  specimen  of  material  shown  was  deposited  In  the  course  of  about 
three  months  in  a  galvanized  iron  pipe  over  a  natural  gas  burner  in 
LaFayette,  the  total  quantity  being  about  500  grams.  When  first  formed 
the  material  was  waxy  in  character  and  accumulated  at  the  lower  end  of 
the  pipe,  which  was  about  four  feet  in  height,  but  on  standing  for  some 
months  in  a  closed  bottle  it  became  hard  and  brittle. 

Its  strong,  disagreeable,  fishy  odor  made  it  seem  worth  examining, 
since  it  was  quite  unexpected  considering  the  circumstances  of  formation^ 
resembling  trimethylamine,  which  gives  the  peculiar  odor  to  herring  brine. 

As  might  be  expected,  the  usual  tests  showed  the  presence  of  zinc  and 
iron  in  the  ferrous  condition.  *  The  material  is  for  the  most  part  soluble  in 
water,  the  slight  insoluble  residue  having  the  appearance  of  oxide  of  iron. 

Barium  chloride  showed  the  presence  of  considerable  quantities  of 
sulphate,  and  on  warming  with  concentrated  sulphuric  acid  the  odor  of 
sulphur  dioxide  was  very  evident,  the  evolved  gas  readily  darkening 
paper  moistened  with  mercurous  nitrate,  but  not  darkening  lead  acetate, 
showing  the  presence  of  sulphites,  but  not  sulphides;  the  aqueous  extract 
also  instantly  decolorized  a  solution  of  iodine  and  of  iodine  and  starch. 
That  the  sulphur  dioxide  was  not  derived  by  reduction  from  the  sulphuric 
acid  used  was  shown  by  the  same  reactions  when  hydrochloric  acid  was 
substituted. 

None  of  these  constituents— iron,  zinc,  sulphuric  and  sulphurous  acids- 
were  unexpected;  neither  did  they  account  for  the  odor.  The  presence  of 
nitrogen,  however,  was  a  surprise,  considering  that  its  only  source  was 
the  free  nitrogen  of  tlie  air  and  that  of  the  natural  gas,  which  is  supposed  to 
contain  only  very  small  quantities  of  the  element  and  in  the  free  state.  On 
warming  the  substance  with  a  solution  of  i)otassium  or  sodium  hydroxide 
the  odor  of  aunnonia  was  very  evident,  accompanied  by  the  original  fishy 
smell  not  noticed  when  warmed  with  acid. 

To  renlove  all  doubt  of  the  formation  of  ammonia  and  to  learn  whether 
it  was  accompanied  bj-  any  considerable  quantity  of  any  amine,  about  15 
grams  of  the  material  were  distilled  with  sodium  liydroxide  and  the  steam 
passed  into  dilute  liydrochloric  aci<l.  The  boiling  was  continued  about  30 
rcinutes,  and  then  the  distillate  was  evaporated  to  dryness.  The  residue 
in  the  distilling  fiask  retained  its  fishy  odor  unimpaired,  wliile  the  dis- 
tillate had  a  very  disagreeable  odor  resembling  decaying  cabbage.     The 
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residue  obtained  from  the  distillate  was  considerable  in  quantity  and 
gave  about  1.5  grams  of  a  yellow  platinum  compound,  which  showed  on 
ignition  a  percentage  of  43.52  and  43.55  of  platinum  in  two  determinations. 
The  platinum  in  ammonium  chloroplatinate  amounts  to  43.92  per  cent. 

These  experiments  showed,  then,  about  .5  per  cent,  of  nitrogen  as  am- 
monia in  the  deposit— the  main  point  of  this  communication. 

Attempts  to  show  the  presence  of  primary  amines  bj'  the  isocyauide 
reaction  failed,  and  nothing  but  the  odor  seemed  to  indicate  the  presence 
of  amines  of  any  kind.  A  deposit  formed  in  an  iron  (not  galvanized)  pipe 
imder  similar  conditions  had  little  or  no  odor. 


Direct  Nitration  of  the  Paraffins.    R.  A..Worstall. 
[Am.  Chem.  Journal,  March,  '98 ;  Vol. 20,  No.  3.] 


Evolution  of  Free  Nitrogen  in  Bacterial  Fermentations.    A  Prelimin- 
ary Paper  on  the  Ck)MP08ni0N  of  the  Gas  Evolved  in  Bacterial 
Fermentations.    By  Severance  Burraoe  and 

A.  Hugh  Bryan. 

During  the  study  of  certain  species  of  bacteria  in  the  bacteriological 
laboratory  at  Purdue  last  year.  Miss  Clara  Cunningham  found  one  that 
produced  an  enormous  amount  of  gas  in  fermentation  tubes.  In  fact,  the 
evolution  of  gas  was  so  rapid  and  profuse  as  to  attract  immediate  atten- 
tion as  something  extraordinary.  The  bacillus  responsible  for  this  had 
been  separated  from  sugar  beet.  It  was  thought  to  be  of  sufficient  interest 
to  have  the  gas  analyzed,  which  was  done.  The  gas  was  found  to  be  made 
up  of  COs,  H,  O  and  a  residual  gas  which  was  presumed  to  l>e  nitrogen. 
But  the  occurrence  of  free  nitrogen  in  this  way  and  in  this  comparatively 
large  proportion  is  rare  and  unusual,  and  it  raised  the  question  whether 
this  could  really  be  nitrogen.  No  positive  test  had  been  made.  Every 
other  possible  gas  had  been  shown  to  be  present  or  absent,  and  nitrogen 
and  argon  were  all  the  possibilities  remaining.  This  seemed  to  be  suf- 
ficient proof  for  the  chemist,  but  the  bacteriologist  wanted  a  positive  proof 
for  nitrogen,  which  was  made,  and  the  nitrogen  was  found. 

In  looking  up  the  literature  on  the  subject  very  little  was  learned. 
Nitrogen  had  been  found  in  a  few  cases,  but  no  positive  tests  given.  And 
in  some  of  these  cases,  on  account  of  the  small  amount  of  the  nitrogen 
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present,  !t  was  thought  possible  that  it  might  haVe  come  from  air  getting 
in  during  the  analysis.  In  several  of  our  analyses  the  large  percentage  of 
nitrogen  found  would  have  excluded  this  possibility.  In  one  case,  in  our 
lalwratory,  the  fermentation  took  place  in  a  fermentation  solution  which 
had  been  made  up  in  the  usual  way  except  that  no  peptone  was  used. 
Curiously  enough,  the  percentage  of  nitrogen  in  this  instance  was  larger 
than  we  found  in  any  other. 

A  paragraph  from  an  article  **On  a  Pure  Cultivation  of  a  Bacillus  fer- 
menting Bran  Infusions,'*  by  J.  T.  AVood  and  AV.  H.  AVilcox,  B.  Sc,  will 
show  in  a  general  way  how  unusual  this  occurrence  of  nitrogen  is:  **A 
remarkable  fact  in  this  fermentation  is  the  evolution  of  free  nitrogen, 
which  seems  to  be  rare,  except  in  the  case  of  putrefactive  organisms.  As 
in  the  vast  number  of  fermentative  decompositions  due  to  bacteria,  al- 
most the  only  gases  found-  are  carbonic  anhydride  (CO2),  hydrogen,  HjS 
and  marsh  gas."*  • 

In  our  laboratory  this  year  Miss  Lillian  Snyder  found  that  a  species  of 
bacillus  associated  with  the  pear  blight  produced  a  considerable  quantity 
of  gas.    The  analysis  of  this  again  showed  nitrogen. 

The  question  was  raised  as  to  wlietlier  tlie  occurrence  of  nitrogen  in 
these  gaseous  products  of  fermentation  is  really  as  rare  as  had  been 
thought.  An  extensive  series  of  experiments  bearing  on  this  subject  are 
in  progress,  the  results  of  which  we  hope  will  to  some  degree  settle  this 
point.  So  far  our  results  with  the  same  germs  and  in  the  same  solutions  do 
not  give  the  same  proportions  of  gases.  AA'hether  this  is  a  normal  varia- 
tion or  due  to  some  causes  unknown  to  us,  we  cannot  say. 

The  following  table  shows  the  results  of  analyses: 


*Jourilal  of  the  Society  of  Chemical  Imiustry,  June  30, 1897,  p.  512. 
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BACILLUS 

AND 

FERMENTATION  FLUID  * 

CO, 

0 

C  0 

CH4 

H 

N 

Y.t    Smith's  Fluid,  +  2%  Sucrose 

67 

.5 

none 

none 

20.6 

11.9 

Y.     Same  as  above 

61.8 

.69 

none 

none 

27.5 

10.01 

Y.     Smith's  Fluid,  +  2%  Glucose 

38.7 

3.6' 

none 

none 

36.5 

21.2 

Y.     Smith's  Fluid,  no  peptonet  +  2%  Sucrose 

37.6 

7.2 

none 

none 

21.6 

33.4 

Y.     Smith's  Fluid,  +  5%  Sucrose,  +3%  Ca 
01  a 

44.2 

1.9 

none 

none 

33.6 

10.2 

Y.     Smith's  Fluid,  +  wort  +  .7<t  Acid 

5:12 

.9 

none 

none 

31.7 

14. 

Y.     Smith's  Fluid 

45 

.83 

none 

none 

26.3 

26.8 

• 

Y.     Smith's  Fluid 

58.5 

none 

none 

31.7 

9.8 

Y.     Smith's  Fluid 

43.2 

none 

none 

40.7 

16.2 

Y.     Smith's  Fluid,  +  2%  beet  juice 

?2.7 

1.02 

none 

19.7 

6.4 

Xtt.  Smith's  Fluid 

50 

.2 

none 

32 

18 

The  method  of  systematic  analysis  in  Hempel's  "Gas  Analysis"  was 
followed.  The  ^as  was  transferred  from  the  fermentation  tul>e  to  a 
beaker  inverted  over  water  and  from  this  to  the  measuring  pipette.  Five 
minutes  was  allowed  for  the  absorption  of  the  gases  and  another  five 
minutes  before  the  readings  were  made.  Analyses  were  conducted  where 
the  temperature  remained  practically  constant.  The  gas  was  passed  into 
the  solutions  until  no  further  diminution  of  volume  was  noticed. 

Carbon  dioxide  was  absorl>ed  by  a  solution  of  potassium  hydroxide, 
oxygen  by  phosphorus  and  carbon  monoxide  by  an  ammoniacal  solution  of 
cuprous  chloride.  Hydrogen  was  estimated  in  two  ways:  (1)  By  absorp- 
tion by  palladium  and  (2)  by  explosion  with  oxygen.  When  the  latter 
method  was  used  the  gas,  after  explosion,  was  passed  into  potassium  hy- 
droxide to  make  sure  of  the  presence  or  absence  of  marsh  gas  In  the 


^  Fermentation  fluid  is  the  common  one  known  as  "  Smith's"  lOgr. peptone,  5  gr. sodium 
chloride,  1000  e.  c.  of  water.    The  additions  to  this  are  marked  in  table, 
t  Y.  Bacillus  separated  from  sugar  beet  by  Miss  Clara  Cunningham, 
ft  X.  Bacillus  separated  from  pear  tree  tissue  by  Miss  Lillian  Snyder. 
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original  sample  of  gas.  Pure  oxygen  was  used  in  the  explosion,  and  the 
excess  after  it  could  be  absorbed  and  a  residue,  if  any,  measured.  In 
all  cases  there  was  a  residue  of  from  one  to  five  cubic  centimeters,  hardly 
enough  for  proof  of  the  presence  of  nitrogen. 

In  order  to  prove  the  presence  of  nitrogen  in  the  residue,  a  large  fer- 
mentation tube  was  procured  and  a  culture  made  in  this,  using  the  neces- 
sary precautions.  Smitli's  fermentation  fluid,  +1}^  of  glucose,  was  used.  The 
gases,  CO3,  CO,  II  and  O,  were  absorbed  as  described  before.  The  res- 
idue, amounting  to  some  20  Ci  c,  was  kept  in  a  pipette  over  water;  10  c.  c. 
of  this  residue  was  transferred  to  a  eudiometer  provided  with  platinum 
electrodes  a^d  mixed  with  22  c.  c.  of  oxygen  prepared  from  the  electro- 
lysis of  water.  This  mixture  was  sparked.  In  the  course  of  three  hours 
the  volume  showed  some  signs  of  diminution,  and  after  six  hours 
the  volume  had  been  reduced  to  less  than  half.  The  current  was  turned 
off  and  the  gas  allowed  to  stand  for  24  hours,  with  no  practical  change  in 
results. 

The  contraction  in  volume  of  the  gas  when  sparked  with  oxygen 
showed  the  presence  of  nitrogen  in  the  formation  of  an  oxide  of  nitrogen 
which  was  soluble  in  water. 


Micro-Organisms  in  Flour.     By  Carleton  G.  Ferris. 

Flours  have  been  studied  from  the  diemlcal  standpoint  with  consid- 
erable care,  but  comparatively  little  lias  been  done  as  regards  investiga-. 
lion  from  the  bacteriological  standpoint.  Although  the  chemical  side  of 
the  question  has  been  considered  the  most  important,  as  it  undoubtedly  is, 
there  are  certain  changes  occurring  in  dough  made  from  chemically  pure 
tiour  which  cannot  be  attributed  to  tlie  chemical  side  of  the  question.  For 
exauiple,  bread  made  from  a  flour  wliicli  chemically  contained  a  proper 
quantity  of  gluten,  etc.,  may  be  spoiled.  The  point  miglit  be  raised  by  some 
that  the  bad  bread  was  not  the  result  of  using  a  certain  flour,  but  that  the 
micro-organisms  present  were  found  in  the  water  used  and  in  the  sur- 
rounding air,  or  i)ossibly  from  an  impure  yeast.  Experiment  has  proven, 
however,  tliat  bad  bread  can  l)e  ol)tained  even  when  sterilized,  distilled 
water  and  pure  yeast  are  used.  As  the  growtli  of  bacteria  does  not  com- 
mence in  the  dough  until  nearly  all  fermentation  has  ceased,  it  is 
reasonable    to    assume    that    the    changes    in    the    dough    and    in    the 
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bread  must  arise  from  some  agency  present  in  the  flours  themselves 
and  independent  of  the  chemical  side  of  the  question.  Again,  in 
salt-rising  bread,  where  the  sponge  contains  nothing  but  a  chem- 
ically pure  flour  and  water,  an  active  fermentation  takes  place  which 
must  be  due  to  the  presence  of  organisms  In  the  flour.  Bearing 
these  points  in  mind,  the  writer  made  a  series  of  investigations  to 
determine  the  micro-organisms  found  in  the  flours  sold  on  the  local  mar- 
ket. A  careful  canvass  of  the  market  was  made  and  samples  of  the  flours 
sold  secured,  together  with  data  concerning  each.  In  securing  these  sam- 
pies  every  precaution  was  used  to  prevent  contamination  and  to  preserve 
similar  conditions  throughout.  The  flours  examined 'include,  first,  the 
leading  patent  flours,  most  of  which  are  Minnesota  products;  second,  me- 
dium-grade flours;  third,  low-grade  flours,  commonly  called  "seconds"  by 
bakers.  In  these  tests  the  effort  was  made  to  determine, the  condition  of 
each  flour  under  as  nearly  similar  conditions  as  possible.  Each  experi- 
ment was  repeated  a  sufiicient  number  of  times  to  secure  a(!curacy  and 
overcome  abnormal  conditions.  The  ordinary  culture  media  were  used, 
with  the  addition  of  blood  serum  and  flour  and  starch  paste.  Plate  cul- 
tures were  made,  using  agar,  wort  gelatine  and  broth  gelatine.  Owing  to 
the  fact  that  many  forms  liquefy  the  broth  gelatine  plates,  the  numlier 
of  colonies  produced  could  not  be  determined,  as  the  plate  soon  became  a 
mass  of  mixed  forms.  Owing  to  the  acidity  of  the  wort  gelatine,  some 
forms. of  bacteria  would  not  grow  in  it;  others  liquefied  the  gelatine,  giving 
the  same  objection  as  was  applied  to  the  broth  gelatine,  but  to  a  less  de- 
gree. Again,  moulds  grew  so  rapidly  in  the  wort  gelatine  that  they 
sometimes  crowded  the  bacteria  out.  Agar,  on  account  of  its  nonlique- 
fying  propeities  and  comparatively  unfavorable  condition  for  the  growth 
of  moulds,  gave  the  best  results.  In  occulating  for  plate  cultures,  on  an 
average  of  .0022  grammes  of  flour  were  used  in  each  case,  hence  the 
comparative  number  of  organisms  in  each  flour  could  be  determined. 
The  names  of  the  flours  used  are  withheld  for  obvious  reasons. 
The  names  of  the  various  forms  of  bacteria  found  were  not  always 
obtainable,  as  no  descriptions  could  be  found  in  manuals.  Of 
the  twelve  flours  sold  on  the  local  market,  seventeen  distinct 
species  of  bacteria  were  found,  one  yeast  and  three  moulds— 
Mucor  mucedo,  Aspergillus  glaucus  and  Penicillium  glaucum.  These 
flours  differed  greatly  as  to  the  number  of  species  obtained  from 
each.    Some  contained  but  one  form,  while  others  contained  as  many  as 
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seven.  Some  contained  little  or  no  moulds,  while  others  abounded  in  them. 
No  corroded  starch  grains  were  found,  showing  the  flours  to  be  in  good 
condition.  The  number  of  bacteria  found  per  gram  in  the  samples  by 
counting  the  colonies  produced  on  agar  plates  aflFord  the  means  of  some 
rather  interesting  comparisons.  For  example,  Nos.  1,  4,  6,  9  and  11,  high- 
grade  patent  flours,  gave  the  following  number  of  organisms  per  gram: 

Bacteria,  Moulds, 

No.     1 4,090  2,272 

No.     4 4,545  909 

No.     6 2,727  000 

No.     9 4.545  4,090 

No.  11 6,363  000 

Nos.  3,  7  and  12,  medium  grade  products,  gave  the  following  number  per 
gram. 

Bacteria.  Moulds. 

No.     3 14,545  1,363 

No.     7 15,909  2,727 

No.   12 18,136  909 

Note  the  increase  of  organisms  produced  using  the  common  flours. 
Using  Nos.  8  and  10,  low-grade  flours: 

Bacteria.  Moulds. 

No.     8 222,727  000 

No.   10 254,545  909 

The  above  figures  show  beyond  a  doubt  that  the  high-grade  patent 
flours  are  much  freer  from  bacteria  than  the  medium  and  common-grade 
products.  The  process  seems  to  affect  the  numl>er  of  bacteria  in  flours. 
For  example:  No.  10,  manufactured  under  a  poor  process,  contains  more 
bacteria  than  Nos.  8,  12  and  3  flours,  manufactured  under  very  careful 
processes. 

The  number  of  moulds  found  in  these  flours  does  not  vary  to  the  ap- 
preciable extent  that  the  bacteria  do.  Grade  seems  to  be  no  guide  here. 
Among  the  17  diflferent  species  of  bacteria  there  is  one  which  was  found  in 
three  of  the  flours  which  is  a  peculiar  form,  and  although  its  properties 
seem  to  be  very  distinctive,  yet  no  description  could  be  foimd  to  answer  it. 
The  colonies  are  hard,  dry,  and  pure  white  in  color,  and  grow  upward  from 
the  agar,  forming  a  solid,  round  and  slightly  wrinkled  mass,  which  cannot 
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be  torn  apart  by  the  needle.  When  the  surface  is  scraped  with  ;i  needle, 
the  white  covering  is  removed,  revealing  a  brown  substratum.  This  form 
grows  rapidlj'  in  agar,  wort  gelatine,  blood  serum,  starch  and  flour  pastes. 
The  form  liquefies  wort  gelatine  slowly,  and  hard,  white  lumps  float  on 
the  surface.  This  bacterium  is  a  facultative  anaerobic  bacillus,  very 
short  and  possessing  no  movement.  Its  size  is  1x1%  /i.  Old  cultures  give 
a  distinct  odor  of  old  hay.  The  cultures  of  starch  and  flour  pastes  con- 
taining this  form  were  tested  with  Fehling's  solution  to  determine  the 
diastasic  action,  with  the  result  that  both  the  starch  and  flour  pastes 
showed  a  very  marked  action  of  the  changing  of  starch  to  sugar,  the  ac- 
tion  in  the  flour  paste  l>elng  more  marked.  Eightj'-five  per  cent,  of  the  17 
species  grew  well  in  blood  serum,  the  form  described  above  being  the 
most  luxuriant  grower.  It  is  a  curious  fact  that  bacillus  subtilis,  a  form 
appearing  in  large  numbers  on  grain,  does  not  appear  in  the  flour.  There 
is  not  sutticient  heat  produced  in  the  roller  process  to  kill  the  bacillus, 
hence  its  elimination  cannot  be  traced  to  that.  It  has  been  suggested  that 
possibly  the  form  lived  on  the  husk  or  bran  and  clung  to  it  and  was  thus 
eliminated.  This  is  only  a  supposition,  however.  About  40  per  cent,  of  the 
dift'erent  species  produced  a  marked  diastasic  action  in  flour  and  starch 
pastes. 

Hriant,  AValsh,  and  AValdo,  English  chemists,  made  investigations  on 
this  subject,  and  the  conclusions  arrived  at  by  them  are  as  follows:  The 
lower  the  grade  of  flour,  the  greater  the  number  of  organisms  present. 
That  under  similar  conditions,  sourness  Is  far  more  likely  to  occur  in  bread 
made  from  low-grade  flours. 

The  writer's  investigations  of  flours  c^Tifirm  the  above  results. 

DESCRIPTION   OF   FORMS. 

Flour  No.  1  contains  3  forms:  a  (D,  B  (1)  (c).  ^ 

a  (1)  Is  a  facultative  anaerobic,  non-liquefying  micrococcus.  Grows  well  in 
agar  but  not  so  well  in  wort  gelatine.  Has  a  grayish  color  grown  on  agar.  Col- 
onies oily,  and  smooth.  Size  is  1  j  //.  Arranged  in  twos  and  fours,  and  possesses 
no  movement.     Does  not  grow  on  blood  serum. 

B  (I)  Is  a  facultative  anaerobic,  non-liquefying  bacillus.  Grows  well  in  agar, 
but  poorly  in  wort  gelatine.  Tlie  colonies  are  grayish  white  in  color,  dull,  dry 
and  floury,  with  convoluted  edges.     Possesses  a  slow,  waddling  movement.     Size, 
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c  Is  a  facultative  anaerobic,  uon-liquefying  bacillus.  Grows  very  well  in 
agar,  but  does  not  grow  at  all  in  wort  gelatine.  The  colonies  are  yellow  with  a 
greenish  tinge,  growing  in  concentric  layers.  The  colonies  are  smooth  and  oily. 
This  form  does  not  grow  in  blood  serum.  Has  a  waddling  movement  straight 
ahead.  Size,  6X1/^' 
Flour  No.  2  contains  3  forms :   a  (2)  a  (3)  (c''). 

a  (2)  Is  a  facultative  anaerobic,  liquefying  bacillus.  Grows  slightly  more  in 
agar  than  in  wort  gelatine.  Full  description  has  been  given  in  the  body  of  this 
article. 

a  (3)  Is  a  facultative  anaerobic,  liquefying  bacillus.  Grows  well  in  agar  and 
wort  gelatine.  Liquifies  gelatine  and  produces  a  marked  white  film  over  the  sur- 
face. The  colonies  are  oily,  smooth  and  regular,  of  a  grayish  color.  This  form 
it  3 —  9//  X  1  /^»  and  possesses  no  movement. 

c  (1)     Facultative  anaerobic,  non-liquefying  coccus  form,  groups  of  two  or 
more.     Grows  well  in   agar,  but  does  not  grow  at  all  in  wort  gelatine.     The 
colonies  are  smooth  and  oily,  with  smooth  edges.     Pink  in  color.     Is  1 J  —  1  //  di- 
ameter.     Possesses  no  movement. 
Flour  No.  3  contams  4  forms :  a  (D  a  (2)  c  U),  same  as  No.  2  (c^)  and  d  (1). 

a  (1)  Aerobic,  liquefying,  bacillus,  growing  singly  and  in  filaments.  This 
form  grows  very  well  in  both  wort  gelatine  and  agar.  The  colonies  are  tough  and 
slimy,  with  smooth  edges.  Yellow  in  color.  Size  is  3  X  }  t^i  and  possesses  no 
movement. 

a  (2)  Facultative  anaerobic,  liquefying  bacillus.  Grows  well  in  agar;  not  so 
well  in  wort  gelatine.  The  colonies  are  grayish  yellow  in  color,  oily  and  slimy, 
with  irregular  edges.     This  bacillus  is  3  X  }/^)  and  possesses  no  movement. 

c  (1)     Pink  variety  same  as  No.  2  c  d). 

d  vl)     Facultative  anaerobic,  non-liquefying  bacillus.     Grows  well  in  agar, 
and  .very  slightly  in  wort  gelatine.     The  colonies  are  yellow,  tree-like  in  form, 
with  firm  edges,  with  the  center  slimy  and  oily.     Form  is  3  X  4//  in  size  and  has  a 
slow,  waddling  movement. 
No.  4  flour  contains  6  forms  and  one  yeast :  a  (2)  e  (D  b  (2)  a  (D  c  (D  d  (1)  and  yeast  f  (1). 

a  (2)  Facultative  anaerobic,  non-li(}uefying  bacillus.  This  form  grows  well 
in  agar,  but  <loes  not  grow  at  all  in  wort  gelatine.  The  colonies  are  grayish  yellow, 
oily,  slimy,  and  have  smooth  edges.  Size,  3 — 4JX  i  /'•  Has  a  burrowing  move- 
ment. 

T  (1)  Turns  out  to  be  a  red  yeast  twice  as  long  as  broad,  differing  from  all 
red  yeasts  previously  noted.  Has  granular  contents  vacuoles,  large  and  vary  from 
1  —  5  in  number.  Gross  appearnce,  very  dull,  firm,  pink  on  agar.  Also  grows 
well  in  gelatine.     Some  cells  show  spore  like  bodies  at  each  end.    Size,  6  X  3/^ 
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e(l)     White  variety.     Same  as  No.  2  a  (2). 

a  U)    Same  as  Ko.  1  a  (1). 

B(2)  Facultative  anaerobic,  liquefying  bacillus.  Grows  well  in  agar  and 
wort  gelatine.  The  colonies  are  yellow,  iridescent  smooth,  oily,  with  smooth 
edges.     Size  is  3  X  $  /^^  ^nd  possesses  slight  jerky  movement. 

c  (1)  Facultative  anaerobic,  liquefying  bacillus.  Grows  well  in  agar  and 
wort  gelatine.     The  colonies  are  yellow,  smooth,  oily  with  smooth  edges.     Size, 

li  X  J/^-     H^  ^^  movement. 

d  (1)  Facultative  anaerobic,  liquefying  bacillus.  Grows  well  in  agar  and 
wort  gelatine.  Colonies,  yellowish  white,  slimy,  oily,  irregular  edges.  Liquefies 
gelatine  entirely,  forming  a  white  and  firm  film  over  the  surface,  also  a  heavy  sed- 
iment is  formed.  The  gelatine  becomes  red  brown  in  color,  on  agar  an  emerald 
green  color  appears  near  surface  of  the  agar.  Size,  2  X  J  Z'*  Has  a  movement  in 
circles. 
Flour  No.  5  contains  two  forms  c  (2)  B  (2). 

c  (2)  Facultative  anaerobic,  non-liquefying,  zooglcea  mass.  Very  Luxuriant 
grower  in  both  agar  and  wort  gelatine.  Colonies  are  smooth  and  oily,  with  smooth 
edges.     This  form  is  yellow  in  color. 

B  (2)     Facultative  anaerobic,  liquefying  bacillus.     Gk>od  grower  in  wort  gela- 
tine and  agar.     Colonies  are  yellow,  smooth  and  slimy,  with  smooth  edges.     Pro- 
duces a  little  gas.     Size,  4}  X  l/'*     Possesses  no  movement. 
Flour  No.  6  contains  but  one  bacterium,  same  as  No.  3  d  (D. 
Flour  No.  7  contains  4  forms:  a  d)  a  (3)  b  d)  b  (8). 

The  white  form  a  (3)  same  as  No.  2  a  (2)  also  b  (D  same  as  No.  5  b  (2). 

a  (1)  Facultative  anaerobic,  liquefying  bacillus.  Good  grower  in  wort  gela- 
tine and  agar.  Colonies  are  dark  yellow  in  color,  slimy  and  oily,  with  smooth 
edges.     Size,  2)^  X  1  f^'     Possesses  no  movement. 

D  (3)     Facultative  anaerobic,  liquefying  bacillus.     Good  growths  in  agar  and 
wort  gelatine.     Colonies  are  yellow  in  color,  smooth,  oily,  with  regular  edges. 
Size,  2J  X  I*)"'     Possesses  no  movement. 
Flour  No.  8  contains  8  forms : 

a  (3)     Same  as  No.  2  a  (2). 

a  (2)     Same  as  No.  3  d  (1\ 

a  (1)     Same  as  No.  5  B  (2). 
Flour  No.  9  contains  2  forms : 

a  (1)     Same  as  No.  o  b  i'^), 

a  (2)    Same  as  No.  2  a  (2). 
Flour  No.  10  contains  one  form  : 

b  (2)    Same  as  No.  4  d  (D. 
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Flour  No.  11  contains  2  forms. 

a  (1)     Same  as  No.  1  a  (1). 

a  (2)     Same  as  No.  3  a  U). 
Flour  No.  12  contains  3  forms. 

ad)     Same  as  No.  7  b  (3). 

b  (1)     Same  as  No.  4  b  (2). 

c(l)     Same  as  No.  2  a  (3). 


No. 

No.  of  Forms. 

Bac.  Per  Gram. 

Moulds  Per  Gram. 

Grade  of  Flour. 

1 

3 

4090 

2272 

High. 

2 

3 

2727 

2727 

High. 

3 

4 

14545 

1363 

Medium. 

4 

(5-1  veast. 

4545 

909 

High. 

2 

9090 

909 

Medium. 

6 

1 

2727 

000 

High. 

7 

4 

15909 

2727 

Medium. 
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This  work  was  done  under  the  direction  of  Miss  Katherine  E.  Golden. 


The  Number  of  Micro-Oroanisms  in  Air,   Water  and  Milk   as  Deter- 
mined BY  Their  Growth  Upon  Different  Media. 

By  a.  W.  Bitting. 

While  conducting  a  series  of  experiments  to  determine  the  number  of 
bacteria  and  moulds  in  milk,  some  variations  in  number  were  found  when 
the  tests  were  made  upon  different  culture  media.  This  led  to  an  experi- 
ment to  determine  the  number  of  micro-organisms  present  in  air,  water 
and  milk,  using  agar  agar,  glycerine  agar,  beef  gelatine,  and  wort  gelatine. 
The  results  of  the  test  were  somewhat  of  a  surprise.  The  agar  agar, 
glycerine  agar  and  beef  gelatine  were  neutral,  while  the  work  gelatine 
was  slightly  acid,  but  the  degree  of  acidity  not  determined.  Ten  exposures 
were  made  with  each  media,  using  petri  dishes  and  kept  as  close  together 
as  possible.  The  conditions  were  evidently  as  nearly  alike  as  it  is  pos- 
sible to  obtain. 
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The  average  number  of  bacteria  and  moulds  which  developed  is  as 
follows: 

Bacteria.  Moulds. 

Agar  agar   86  3 

Glycerine  agar 73  7 

Keef  gelatine   64  20 

W»rt  gelatine  41  34 

Ten  tests  of  water  gave  the  following  result: 

Bacteria.  Moulds. 

Agar  agar 2,370  12 

(Glycerine  agar 2,2G0  15 

Beef  gelatine 1,470  00 

AVort  gelatine  480  88 

Ten  tests  of  milk  gave  the  following  results: 

Bacteria.  Moulds. 

Agar  agar    7,967  2 

Glycerine  agar 11,207  7 

Beef  gelatine   7,416  12 

Wort  gelatine   1,700  47 

Agar  agar  shows  the  highest  numl>er  of  colonies  of  bacteria,  and  wort 

gelatine  the  highest  number  of  moulds.  The  inference  is  that  a  statement 
of  the  number  of  forms  found  in  anything  should  be  accompanied  by  a 
statement  of  the  media  used  and  how  prepared. 


Thb  Effect  of  Fobmalin  on  Germinatiuo  Seeds.     By  M.  B.  Thomas. 

Having  had  occasion  during  the  past  year  to  investigate  the  applica- 
tion of  formalin  as  a  germicidal  agent,  I  became  greatly  interested  as  to 
the  possibility  of  its  use  as  a  fungicide. 

Some  very  imi)erfect  lalwratory  experiments  suggested  the  probability 
of  its  value  in  connection  with  the  destruction  of  the  smut  of  corn,  oats 
and  wheat,  and  accordingly  i)lans  were  made  to  carry  out  a  series  of  ex- 
periments with  this  in  view.  More  careful  thought  on  the  subject  con- 
vinced me  that  such  experiments  would  prove  too  expensive  imless  some 
accurate  data  were  at  hand  regarding  the  effect  of  formalin,  in  solutions 
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of  varylup  strength,  on  the  germination  of  seeds.  Accordingly,  as  a  pre- 
liminary investigation,  I  began  in  connection  with  Mr.  C.  E.  Crockett,  a 
student  in  the  department,  a  careful  series  of  such  experiments  with  the 
seeds  of  grains  and  other  plants. 

All  of  the  details  of  the  experiments  were  carefully  arranged  to  prevent 
a  possibility  of  error  and  a  very  pure  solution  of  formalin  was  secured.  In 
all  cases  parallel  experiments  were  conducted  and  check  tests  made  with 
the  seeds  soaked  in  pure  water. 

The  work  was  carried  on  In  the  green  house,  where  the  soil  was  kept 
at  a  nearly  constant  temi)erature.  The  seedlings  usually  began  to  appear 
iilx)ve  the  ground  by  the  lifth  day,  and  were  measured  dally  for  two  weeks, 
then  weekly  until  well  advanced  in  their  development.  Seeds  were  grown 
lx)th  in  pure  sand  and  rich  earth  to  determine  the  possible  eflFects  of  soils 
on  the  treated  specimens,  but  in  all  of  the  experiments  no  difference  was 
noticed  from  such  varjing  conditions,  as  the  seeds  planted  In  the  sand 
compared  In  every  respect  In  their  behavior  with  those  grown  In  rich  soil. 
In  all  cases  the  temperature  of  the  solution  In  which  the  seeds  were  soaked 
was  al>out  10°  C. 

With  the  wheat  VL»  and  2  per  cent,  solutions  were  used,  and  the  time 
of  treatment  varied  from  one-half  to  four  hours.  The  results  show  that  of 
the  seeds  soaked  in  the  %  per  cent,  solution  for  one-half  hour,  76  per  cent, 
germinated;  for  one  hour,  56  per  cent.,  and  for  8M.»  hours,  36  per  cent. 
While  of  those  treated  for  one  hour  In  a  2  per  cent,  solution  none  ger- 
minated. 

Wheat  seemed  to  be  about  the  most  easily  affected  by  the  formalin  of 
any  seed,  and  even  the  use  of  a  ^  per  cent,  solution  for  one-half  hour 
is  not  safe.  A  ^4  per  cent,  solution  for  about  this  length  of  time  will  prove 
the  most  satisfactory. 

The  results  of  the  experiments  showed  that  the  plants  of  the  treated 
seeds  developed  as  rapidly  and  perfectly  as  those  of  the  untreated  ones. 
In  a  few  Instances,  where  retarded  germination  was  evident  as  a  result 
of  this  treatment,  the  plants  soon  made  up  this  detlciency  and  at  the 
end  of  two  weeks  could  not  be  distinguished  from  the  others.  Tlie  fact 
that  wheat  was  one  of  the  easiest  affected  of  any  of  the  grains  is  no 
doubt  due  to  the  very  Imperfect  i)rotectlon  of  Its  embryo. 

With  oats,  of  those  soaked  In  a  Vi  per  cent,  solution  for  one-half  hour, 
DC  i)er  cent,  of  treated  and  a  less  number  of  untreated  germinated,  and 
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one,  two  and  three  and  a  half  hours,  soaking  did  not  materially  decrease 
the  relative  percentages,  while  with  those  treated  with  a  2  per  cent  solu- 
tion for  one  hour  only  48  per  cent,  germinated,  and  none  showed  life  after 
four  hours  soalsing.  It  will  therefore  be  seen  that  oats  can  endure  the 
treatment  much  better  thap  wheat. 

An  interesting  condition  in  the  increased  percentage  in  the  germination 
of  the  treated  seeds  as  compared  with  the  untreated  ones  in  all  of  the  tests 
can  allow  of  little  explanation.  The  plants  of  the  seeds  treated  up  to  four 
hours  were,  after  a  few  days,  quite  a  little  larger  than  those  of  the 
untreated  ones,  and  this  condition  remained  constant  throughout  the 
develoi^ient  of  tlie  plant.  It  seemed  that  in  this  case  the  formalin  must 
have  in  some  way  contributed  to  the  development  of  the  plant  notwith- 
standing the  statement  of  T.  Bokorny*  that  this  substance  ununited  was 
not  beneficial  to  growth. 

It  is  evident,  however,  that  oats  can  safely  be  treated  for  three  hours 
in  a  %  per  cent  solution  of  formalin  without  danger  of  injury  to  the 
germinating  power  of  the  seed. 

With  rye,  44  per  cent,  germinated  after  soaking  in  a  V2  per  cent,  solu- 
tion for  one  hour,  with  but  a  slight  decrease  in  the  number  after  four 
hours  treatment  With  the  2  per  cent,  solution*  none  germinated  after 
three  and  a  half  hours  treatment  It  is  therefore  evident  that  rye  will 
not  endure  the  treatment  as  well  as  wheat. 

In  the  case  of  corn,  after  soaking  In  a  %  per  cent,  solution  for  one  hour 
02  per  cent,  germinated,  eciualing  the  i)er  cent,  that  developed  from  tlie 
untreated  seeds.  After  two  hours  in  the  solution  a  very  slight  decrease 
was  noted,  and  after  three  and  a  half  hours  only  52  per  cent,  germhiated. 
After  the  use  of  a  2  per  cent  solution  for  one  hour  but  56  per  cent,  devel- 
oped. Corn,  therefore,  seems  to  endure  the  treatment  fairly  well,  and  the 
use  of  a  %  per  cent,  solution  for  one  hour  will  not  decrease  the  per  cent, 
of  seeds  that  germinate. 

lliK'k wheat,  millet,  beans  and  other  seeds  were  treated  with  quite  sat- 
isfactory results,  and  while  no  use  can  probably  be  made  of  such  a  treat- 
ment with  these  seeds,  yet  their  behavior  was  interesting  as  Illustrating 
the  general  effect  of  formalin  on  germinating  seeds  and  developing  seed- 
lings. 


"^Landsw.  Jahrb.,21  (1892),  pp.44&-446. 
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After  the  use  of  8ohitious  that  sealed  to  be  about  the  maximum 
strength  allowable,  germination  was  often  delayed  for  two  or  three  days 
as  compared  with  that  of  the  untreated  seeds,  and  In  one  case  with  treated 
oats  some  did  not  germinate  until  the  third  week. 

In  I  In*  case  of  all  plants  studied  the  use  of  formalin  di<l  not  in  any 
way  change  the  character  of  either  the  stem,  leaves  or  root  in  those  that 
germinated,  as  far  as  couhl  be  observed,  except  as  above  stated  in  certain 
exceptional  cases.  No  corrosive  action  was  observed,  as  is  found  in  the 
case  of  extended  treatment  with  copper  sulphate,  that  seems  to  act  quite 
freely  on  the  tip  of  the  radicle. 

If,  as  has  been  predicted,  formic  aldehyde  in  very  dilute  solutions  prove 
an  etficient  fungicide,  there  seems  to  be  no  reason  why  it  should  not  take 
the  place  of  the  well-known  copper— sulphate  or  hot-water  treatment  for 
smut  of  grains. 

The  great  reduction  in  price,  the  ease  of  manipulation  and  its  general 
all-round  efficiency  as  a  germicidal  agent  will  make  its  use  more  certain 
by  the  agriculturist,  especially  in  place  of  the  hot-water  process,  where 
no  little  inconvenience  is  experienced  in  arranging  for  treatment  and  in 
keeping  the  hot  water  at  a  correct  temperature. 

This  paper  is  intended  to  be  suggestive  rather  than  exhaustive,  and  the 
full  statistics  now  on  hand  will  be  published  at  some  future  time,  if  the 
practical  field  experiments  to  be  conducted  in  the  spring  warrant  the  con- 
tinuing of  the  investigation. 

Since  the  work  covered  by  this  paper  was  completed  I  have  been  able  to 
find  in  some  cases  an  indirect  reference  to  the  use  of  formalin  in  1:  10,000 
for  destroying  the  spores  of  smut.* 

SUMMARY. 

The  use  of  formalin  for  destroying  smut  spores  is  very  clearly  an  Im- 
f)ortant  propojjition. 

The  small  expense  (»f  the  treatment  and  the  facility  of  its  application 
commend  it  for  a  thorough  trial,  at  least. 


*  (*)  Low.  rel>er  eincn  Bacillus,  wclcher  Amele>oniiUare  and  Formaldehyd  assimiliren 
kann.    Central,  fiir  Bak.  und  Parasitenkunde.    Bd.  XII,  S.  462. 

(*)  Comptcs  Rendue^,  181*2. 

(')  Annale.o  de  Miorographie,  1894-95. 

(')  Recborch.  sur  la  valeur  do  la  formal,  u.  8.  w.  Arch,  de  pbarmncodynamie,  1894, 
Vol.  I. 

i*)  Bericht  id.  Gesellsohaft  fUr  Morphologie  und  Physiologio.    Miinchen,  1888. 
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« 
The  use  of  a  2  per  cent,  solution  Is  too  strong  for  all  grains,  even 

with  a  short  ai>plication. 

A  %  per  cent,  solution  is  about  right  for  oats,  and  the  treatment  may 
be  continued  for  as  long  as  two  hours  without  injury  to  the  seed. 

For  wheat  a  treatment  with  a  %-per-cent.  solution  for  one-half  hour 
is  safe,  while  a  %  per  cent  solution  for  the  same  time  will  not  decrease 
the  germinating  power  of  the  seeds  to  any  considerable  extent 

Com  may  be  treated  for  two  hours  with  a  %  per  cent  solution  without 
Injury. 

Rye  is  Injured  in  a  %  per  cent  solution  for  one  hour. 

When  germination  is  slightly  retarded  by  the  treatment,  the  plants. 
soon  equal  in  their  development  those  of  the  untreated  seeds. 


A  List  op  the  Mycetozoa  Collected  Nkar  Crawfordsville,  Indiana.     By 

E.  W.  Olive. 

The  accompanying  list  comprises  forty-three  Myxomycetes,  thirty-two  of 
which  are  not  reported  in  Dr.  Underwood's  *'List  of  Cryptogams  of  Indiana,"  in 
the  Proc.  Ind.  Acad.  Soi.,  1898,  p.  30. 

Duplicates  have  been  deposited  in  the  herbarium  of  Prof.  M.  B.  Thomas^ 
Wabash  College,  Crawfordsville,  and  in  the  Cryptogamic  Herbarium  of  Harvard 
Universitv. 

The  determinatitms  have  been  made  according  to  the  descriptions  in  the 
Monograpli  of  the  Mycetozoa,  by  A.  Lister. 

Tlie  collections  were  made  mostly  in  August,  1897,  and  with  few  exceptions 
the  species  seemed  to  be  comparatively  abundant,  several  gatherings  being  made 
of  many  of  them.  The  majority  of  the  species  were  found  upon  decaying  stumps 
and  logs,  while  a  few  were  fruiting  upon  living  leaves  and  stems,  and  still  others 
on  mos.s  and  fallen  leaves. 

Two  instances  were  noted  of  a  curious  growth  of  the  very  abundant  Phijsarnm 
chiernim  Pers.     A  circle  about  six  feet  in  diameter  was  clearlv  outlined  in  both 

m 

cases  by  the  grayish  sporangia  fruiting  upon  the  living  leaves  and  stems  of  grass 
and  Plantago.  The  border  of  the  ring  was  pretty  regular  and  five  or  six  inches 
broad.  Here  and  there  within  the  ring  were  suiall  groups  of  sporangia,  but  the 
most  were  confined  to  the  outer  border.  I'he  plasmodium  had  probably  been 
feeding  upon  the  dead  grass  stems  lying  clo-te  upon  the  ground,  and,  as  it  grew 
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ft 

in  size,  craw^led  outward  from  the  center,  when  a  dry  and  hot  day  caused  simul- 
taneous fruiting,  thus  resulting  in  a  regular  ring  of  sporangia.  The  formation 
is  thus  quite  similar  to  the  circles  formed  by  the  *' fairy-ring  mushroom,'*  or 
JlaraemiHS. 

MTX0MYCETE8. 

Arcyria  aJUbida  Pers. 

Aretfiria  flava  Pers. 

Arcyria  punicea  Pers. 

Badhamw.  hyalina,  Berk. 

Ceratioinyxa  mueida  Schroet,  var.  genuina  List. 

Ceratiomyxa  mueida  Schroet,  var.  fiexuoMi  List. 

Chtmdrioderma  michelii  Rost. 

Chondrioderma  reiiculatum  Host. 

Chondriodervia  iet^atum  Rost. 

Comatricha  typhoides  Rost. 

Oraterium  Uucocephalum  Ditm. 

Cribraria  aurantiaca  Schrad. 

Cribraria  intricata  Schrad.  var,  dirtyoides  List. 

Diachfta  elegariB  Fries. 

Diachma  mplendens  Peck. 

Didydium  umbilientvm  Schrad.  (a  form.) 

Didymium  elavus  Rost. 

IHdymium  effusum  Link. 

JEnitridium  {oUt>ac^umf)     Ehreub.  with/rec  spores. 

Ftdigo  iiepiicd  (jruelin. 

Ilemitrichia  clavaia  Rost. 

Ilemitrichia  ruhi/ormis  Lister. 

Hemitriehia  serpula  Rost. 

Lyeogala  miniatum  Pers. 

Oligonema  niteiin  Rost. 

Perichivna  pf/ptdina  Fries. 

PhyMiretla  mimbUis  Peck. 

Physarum  bivalvf  Pers. 

Phymrum  einerenm  Pers. 

PhyMirnm  contcztum.  Vers. 

Phygarum  leucopun  Link. 

Phyaarum  nutntut  Pers. 

Phymrum  {rubigino^umf)  Fries. 
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Phyaarum  variabiie  Bex. 
Physarum  viride  Perg. 
Spumaria  alba  DC. 
SUmonUii  ferruginea  Ehreub. 
Stemonitia  fuaea  Both. 
Stemonitis  spUfidens  Rost. 
Trichia  affinis  De  Bary. 
Tnchia  favoginea  Pere. 
Ti^hia  persimUU  Karst. 
Tulmlina  fragiformis  Pere. 


ACRASIXAE. 


Chondromyees  lichenieolus  Thazter. 
Myxoeoecus  HipitcUus  Thaxter. 
Myxoeoeeus  rubeseens  Thaxter. 


The  Germ  of  Peab  Blight.     By  Lillian  Snyder. 

It  Is  certainly  an  established  fact  that  the  well-known  disease  of  Pear 
Blight,  which  causes  such  devastation  among  our  pear,  apple  and  quince 
trees,  is  caused  by  bacteria  within  the  growing  tissue  of  the  tree.  The 
germ  which  causes  the  disease  was  discovered  by  T.  J.  Burrell,  and  was 
first  described  and  named  by  him  in  1882.* 

The  germ  I  have  isolated  from  the  pear  tree,  and  which  I  think  I 
<?an  say  without  a  doubt  causes  the  disease  of  the  tree,  I  shall  designate 
by  the  name  used  by  other  writers,  and  originated  by  Prof.  Burrell;  that 
is.  Micrococcus  amylovorus.  Whether  the  above  germ  spoken  of  is  the 
same  as  the  one  handled  and  studied  by  Prof.  Burrell,  and  also  by  J.  C. 
Arthur,t  I  leave  to  be  gathered  from  the  results  of  my  experiments. 
Early  in  March,  1897,  I  attempted  to  separate  the  germ  which  causes  the 
blight  of  the  tree.  Various  methods  were  used,  such  as  cutting  pieces  of 
diseased  bark  of  pear,  with  a  sterilized  knife,  and  placing  in  bouillon; 
also  by  inserting  a  platinum  needle  between  the  bark  and  wood  of  dis- 
eased tissue  and  streaking  upon  agar.    The  latter  proved  the  most  success- 


•  Eleventh  Report  of  the  Illinois  Industrial  University,  p.  42. 

t  Proceedings  of  the  Philadelphia  Academy  of  Nat.  Sciences,  188G,  pp.  322-341. 
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ful,  and  by  this  method  a  jxerm  was  obtained  which  I  carried  tlirough 
a  niunber  of  experiments  and  found  to  be  in  many  respects  like  the  germ 
described  by  Dr.  Arthur  in  his  History  and  Biology  of  Pear  Blight.  This 
germ  was  studied  and  Itept  alive  until  the  latter  part  of  May,  wlien  tlie 
pear  was  putting  forth  its  new  shoots,  the  young  branches  being  then 
used  for  inoculation.  Out  of  about  ten  inoculations,  at  different  times, 
not  one  appeared  to  have  any  effect  upon  the  tree.  I  concluded  I  was 
mistalven  in  the  germ,  which  resulted  in  a  second  attempt  to  isolate  the 
germ  from  the  tree. 

By  this  time  the  trees  were  In  all  their  foliage,  thus  malting  the  dis- 
ease much  more  readily  detected  than  previously.  The  same  method  was 
used  as  above  described  as  successful,  and  out  of  six  or  seven  attempts 
to  transfer  the  germ  from  the  host  ui>on  agar,  five  were  successful.  This 
germ  thus  obtained  was  then  used  to  inoculate  into  the  young  growing 
shoots  of  the  tree  (Bartlett  pear),  and  every  inoculation  that  was  made 
caused  blight  of  the  tree.  This  was  during  the  month  of  June,  the  tem- 
perature being  on  an  average  of  70"  F.,  the  atmosphere  moist,  rainfall 
5.16  inches,  being  1.34  above  normal,  thus  favorable  for  the  increase  in 
growth.  At  the  end  of  a  week  after  the  blight  first  began  to  appear  it 
was  not  unusual  to  see  the  branches  blighted  10  or  12  inches  from  the 
point  of  inoculation. 

In  inoculation  only  perfectly  healthy  pear  and  apple  trees  were  used, 
the  former  taking  the  disease  with  much  more  readiness  than  the  latter. 
The  germ  was  taken  from  streak  cultures  upon  agar,  a  sterillze<l  platinum 
needle  being  used  to  transfer  the  germ  to  the  surface  of  the  young 
twigs.  After  the  surface  had  been  smeared  over  with  the  germ,  oi>enings 
were  made  tlirougli  the  bark  layers  at  this  point,  enabling  tlie  germ  to 
get  well  started  to  grow  before  it  might  be  washed  off  by  rain. 

Leaves  do  not  take  the  blight  when  inoculated.  Naturally,  the  germ 
appears  to  be  confined  to  the  l>ranches,  the  loaves  only  dying  when  their 
nourishment  has  been  cut  off. 

GENERAL    CHARACTERS    OF    MICROCOCCI'S    AMYLOVORUS. 

The  cells  are  oval,  very  little  longer  than  broad,  being  about 
.59/i  to  .8^n  wide  by  .80//  to  1.2//  long.  Cells  are  colorless,  very  refractive 
and  difiicult  to  stain,  resembling  spores  in  their  relation  to  stain.  The 
best  results  in  staining  were  obtained  with  carbol  fuchsine.    When  gi-own 
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upon  agar  the  cells  are  usually  found  single,  very  often  In  pairs  and  ocea- 
slonuUy  in  chains  of  fours.  When  growing  in  bouillon  or  other  nutritive 
media  the  germ  exhibits  independent  movement,  thus  differing  from  the 
habits  of  the  germ  within  the  host.  When  sections  of  the  diseased 
bi*anches  are  placed  under  the  microscope  the  bacteria  show  very  little,  If 
any.  movement. 

This  germ  appears  to  be  aerobic,  and  increases  In  growth  with  an  in- 
crease of  temperature. 

Growth  upon  agar  was  most  rapid  during  the  months  of  July  and 
August,  the  average  temperatures  for  these  months  being  73.3**  F.  Later 
la  the  season  the  germ  ceased  to  grow  with  the  same  rapidity,  although 
exposed  to  a  high  degree  of  temperature. 

Spore  formation  was  not  observed,  and  I  am  inclined  to  believe  spores 
are  not  formed. 

CULTITRES  WITH  LIQUID  AND  SOLID  MEDIA. 

Cultures  with  bouillon  after  48  hours  at  30°  C.  remained  perfectly 
clear,  the  growth  all  settling  to  the  bottom  of  the  tube.  Not  in  any  case 
have  I  observed  zoogloea  formed. 

In  a  pure  corn-starch  solution  Inoculated  with  the  germ,  the  germ  sur- 
vived ami  multiplied,  but  the  starch  was  not  chemically  changed.  Two 
cellulose  solutions*  made  from  Swedish  filter  paper  were  used.  In  one 
ghicose  was  used  and  the  other  sugar  was  not  added.  In  these  solutions 
I  planted  the  germ,  and  at  the  end  of  a  week  no  apparent  change  had  taken 
place  In  either  solution,  but  the  one  which  did  not  contain  sugar  originally 
was  tested,  and  it  was  found  that  cellulose  had  been  changed  into 
glucose. 

Various  fermentation  fluids  were  used,  but  this  germ  does  not  ferment 
under  any  conditions. 

The  most  convenient  solid  media  for  the  cultivation  is  agar.  Colonies 
are  white,  slightly  opalescent,  when  vigorously  growing  raising  like  beads 
from  the  surface.  In  a  streak  culture  the  outline  Is  slightly  feathery. 
Agar  which  had  not  been  titrated,  but  used  as  made  up,  slightly  acid,  was 
found  to  give  the  best  results  In  the  growth  of  the  germ. 


^Callnlose  solution  was  made  up  as  follows;    Peptone,  10  grams;  Salt,  5  grams;  Glucose^ 
30  ffnms;  Pare  Celluloser,  20  grams;  Water,  1000  C.  C. 
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In  n  stab  culture  in  nutrient  pelatine  the  growth  spreads  ovet  the 

surface  and  along  the  line  of  inoculation,  but  does  not  penetrate  the 
gelatine,  thus  remaining  for  several  weeks  without  any  sign  of  lique- 
faction. 

Probably  the  most  characteristic  result  is  the  growth  upon  pear  twigs. 
The  end  twigs  to  a  length  of  two  or  three  inches  were  cut  from  the 
tree.  These  were  placed  in  water,  the  upper  cut  surface  covered  with 
the  growing  germ,  and  the  vessels  contniuing  the  twigs  then  placed  under 
a  bell  jar  for  24  hours.  At  the  end  of  this  time  about  two  out  of  every 
four  of  the  twigs  had  a  beautiful  growth  over  the  cut  surface.  This 
growth  was  in  tlie  form  of  globules,  as  many  as  three  or  four  globules 
lK»iug  on  one  twig.  These  bead-like  colonies,  being  white  and  raised  from 
the  surface,  were  perfectly  apparent  to  the  unaided  eye.  (See  Fig.  1.) 
This  growth  increases,  turning  yellow  when  old,  until  entirely  destroyed 
bj'  moulds. 

Another  very  imi)ortant  cliaracteristio  of  Micrococc'us  amylovorus  is 
the  manner  of  growth  within  the  growing  pear  fruit.  A  half-sized  Bart- 
let  t  pear  upon  the  tree  was  inoculated  in  about  tlie  same  manner  as  the 
branches  had  been.  The  pear  ceased  to  grow  and  soon  began  to  shrivel. 
At  the  end  of  two  weeks  the  pear  was  removed  from  the  tree,  and  upon 
examination  the  whole  interior  was  found  to  l>e  composed  of  a  soft,  milky 
substance,  wliich  appeared  under  the  microscoi^e  to  be  made  up  entirely 
of  bacteria. 

Half-ripe  pears  were  taken  from  the  tree,  cut  in  slices,  inoculated 
with  the  germ,  and  tlien  placed  under  a  bell  jar.  Colonies  were  found  in 
24  hours,  which  resembled  those  already  described  upon  agar. 

During  the  month  of  Octol>er  cultures  were  taken  from  quinces  which 
has  been  inoculated  witli  M.  amylovorus.  This  second  germ  proved  to  be 
entirely  different  from  M.  amylovorus,  but  alike  in  all  respects  to  the  germ 
separated  from  the  tree  in  March.  This  germ,  which  I  shall  term  No.  2, 
I  ftH'l  convinced  occurs  within  the  tree.  But  what  relation  it  bears  to  M. 
amylovorus,  if  any.  I  am  not  prepared  to  say. 

(icrm  No.  2  wlien  transferred  to  pear  twigs  in  water  grows  very  well, 
but  does  not  survive  or  grow  with  the  same  vigor  as  M.  amylovorus  does 
wlien  placed  under  the  same  conditions.  The  growth  of  No.  2  is  not  raised 
in  bead-like  cohmies.  but  grows  in  a  continuous  mass,  over  the  surface, 
and  instead  of  being  white,  is  transparent.    • 
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Microscopically  the  two  germs  are  so  near  alike  It  is  Impossible  to 
separate  them.  They  bear  about  the  same  relation  to  stains  and  the  cell& 
are  of  about  the  same  size.  The  arrangement  of  the  cells  of  the  two 
germs  differ  some,  but  this  is  not  constant. 

CULTURES  WITH  LIQUHED  AND  SOLID  MEDIA. 

I 

Cultures  with  bouillon  after  24  hours  at  30°  C.  are  very  turbid,  and 
a  thick  pellicle  is  formed  over  the  surface  of  the  liquid.  The  germ  grows 
well  in  a  corn-starch  solution,  but  the  starch  is  not  broken  down.  Cellu- 
lose solutions  made  as  above  stated  were  inoculated.  At  the  end  of  two- 
days  both  had  fermented,  thus  in  the  one  without  sugar,  sugar  had  been 
formed.  In  this  one  in  which  sugar  was  formed  the  gas  production  wa» 
very  slow. 

Germ  No.  2  planted  In  Smith  solution  causes  fermentation  and  gas 
forms  very  rapidly.  Mr.  A.  H.  Bryan,  a  student  of  Purdue  University,  who- 
was  80  kind  as  to  analyze  the  gas  produced  by  this  germ,  has  given  the 
following  results  of  his  analysis: 

From  germ  No.  2,  separated  from  the  pear  tree  in  March,  1807:: 

COa   45.0   per  cent, 

O    83  per  cent. 

H   26.3   per  cent.. 

CH4   0.00  per  cent. 


» 


73.13  per  cent 


Remainder  or   N 26.87  per  cent.. 

From  germ  No.  2,  separated  from  the  quince  in  October,  1897: 

CO,   50  per  cent. 

O    None. 

CO   None.^ 

H.  by  Palladium 32  per  cent 

Total   82  per-cent. 

Remainder  or  N 18  per  cent 

It  is  presumed  that  the  remainder  in  each  case  is  nitrogen,  but  just 
what  per  cent,  is  nitrogen  is  not  yet  known. 
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Gelatine  was  inoculated  while  liquid,  then  allowed  to  solidify.  At  the 
end  of  two  days  colonies  appeared  as  small  white  dots  beneath  the  sur- 
face of  the  gelatine.  In  gelatine  thus  inoculated  with  M.  amylovorus  such 
colonies  were  not  apparent. 

Upon  agar^the  only  essential  difference  in  the  two  germs  that  might 
be  noted  is  that  germ  No.  2  grows  much  more  rapidly  than  M.  amylovorus 
does  when  exposed  to  the  same  temperature. 

This  paper  has  b«en  prepared  under  the  direction  of  Dr.  J.  C.  Arthur, 
to  whom  I  am  very  much  indebted  for  a  number  of  suggestions  whicli 
have  been  of  great  value  in  my  experiments. 


Water  Powee  fob  Botanical  Apparatus.     By  J.  C.  Arthur. 

In  vegetable  physiology  a  number  of  liinds  of  apparatus  are  required 
which  must  be  run  at  an  approximately  uniform  speed.  Some  of  "the  most 
important  of  these  pieces  are  used  to  influence  the  direction  of  growth,  ^nd 
as  plant  movements  dependent  upon  growth  are  slow,  the  apparatus 
must  often  be  kept  In  motion  continuously  from  twenty-four  to  seventy- 
« wo  hours  or  more. 

The  chief  reliance  where  the  movement  is  very  moderate,  ranging  as 
it  does  for  cllnostats  between  ten  to  sixty  minutes  for  one  revolution,  has 
usually  been  some  form  of  clock-work,  regulated  by  escapement  or  fan. 
For  comparatively  rapid  movement,  such  as  a  centrifuge  requires,  which 
ranges  from  fifty  to  five  hundred  revolutions  per  minute,  recourse  is  gen- 
erally had  to  water  or  electric  power.  Both  of  these  sources  prove  very 
unsatisfactory  as  a  rule,  for  machines  doing  such  light  work  as  the  physi- 
ologist requires,  and  especially  when  they  must  be  run  steadily  and  with- 
out interruption  both  day  and  night. 

Electric  power  from  a  commercial  plant  usually  varies  greatly,  and, 
moreover,  is  rarely  continuous  for  the  twenty-four  hours.  If  the  power 
is  taken  from  a  battery  of  some  form  of  cells,  the  difficulty  of  maintain- 
ing a  uniform  current  is  almost  as  great,  beside  the  annoyance  of  caring 
for  the  cells.  The  potash  cells,  especially  those  sold  under  the  name  of 
Edison-Lalande,  have  given  the  best  satisfaction  for  this  kind  of  work  of 
any  so  far  tried  in  the  laboratory  of  Purdue  University.  But  even  these 
are  tr^cherous,  and  quite  uneven. 
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Water  power.  If  secured,  as  is  customary,  by  connection  witii  a  tap  In 
the  laboratory,  has  jiome  of  the  disadvantages  of  electric  power  in  being 
Inconstant.  Every  tap  in  the  vicinity  that  is  opened  or  closed  varies  the 
pressure,  and  even  the  initial  pressure  can  by  no  means  be  depended 
upon. 

After  many  and  vain  efforts  to  obtain  efficient  power  for  my  labora- 
tory the  following  plan  was  hit  upon,  and  has  proved  wholly  satisfactory. 
The  method  is  very  simple.  It  consists  in  providing  a  tank  with  an  inlet 
valve  operated  by  a  float.  As  the  water  is  withdrawn  from  the  tank  the 
float  sinks  and  opens  the  valve,  and  the  Inflowing  stream  of  water  brings 
the  water  In  the  tank  back  to  the  full  height  As  the  inlet  valve  permits 
a  much  larger  stream  of  water  to  pass  than  the  outlet  valve  does,  the 
tank  always  stands  essentially  at  the  same  level. 

The  simplicity  of  my  whole  arrangement  is  one  of  its  particular  feat- 
ures. The  tank  consists  of  a  vinegar  barrel.  It  Is  set  upon  a  platform  in 
the  story  above  my  laboratory,  and  gives  a  fall  of  about  fifteen  feet.  The 
water  supply  is  taken  from  the  city  water  that  is  piped  throughout  the 
building.  The  pii>e  conducting  the  water  to  the  laboratory  below  is  a 
small  lead  pli)e  and  siphons  the  water  over  the  top  of  the  barrel.  It  is 
almost  as  easily  put  In  place  as  rublwr  tubing,  and  can  readily  be  changed 
to  reach  any  imrt  of  the  laboratorj'.  It  is  closed  at  the  lower  end  with  a 
short  pli»ce  of  rubl>er  tubing  and  a  screw  pinchcock,  with  which  connec- 
tion can  be  made  wiUi  a  water  motor  or  other  apparatus.  The  float  and 
valve  In  the  luirrel  are  such  as  plumbers  usually  furnish  for  dwelling 
houses. 

With  this  arrangement  a  practically  uniform  head  of  water  Is  avall- 
jible  at  all  times,  and  although  a  fall  of  more  than  fifteen  feet  would  be 
desirable,  yet  It  has  proven  ample  to  run  a  centrifuge,  using  a  Crowell 
water  motor. 

A  larger  tank  and  more  extensive  plumbing  might  be  used,  but  the 
Arrangement  as  I  have  described  it  is  so  easily  constructed  and  inexpen- 
sive as  to  be  available  In  almost  any  laboratory. 

Many  more  uses  of  a  small  constant  stream  of  water  will  come  to  mind 
than  those  mentioned.  For  instance,  it  is  almost  indispensable  in  running 
such  an  aspirator  as  Is  used  for  aerating  seeds  in  a  resplrometer  or  for 
producing  a  regular  alternating  movement  by  filling  a  pair  of  buckets  set 
on  a  pivot  The  cheapness  a  ad  uniformity  of  the  power  are  Its  great 
merits.  ^ 
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COMTRIBUTIOKS  TO  THE  FlOBA  OP  INDIANA,  No.  V.   By  StANLKY  CoULTEB, 

Since  the  last  report  to  the  Academy,  two  plants  worthy  of  note  have 
been  added  to  the  State  flora  by  Prof.  Blatchley.  ' 

Vitis  rupestria  Scheele.— On  sand  ridges  in  Lake  county.  The  plant 
had  first  been  called  to  my  attention  by  Mr.  H.  C.  Cowles,  of  Chicago 
University,  and  was  doubtfully  referred  to  T'.  cordifolia  Michx.  Later 
Prof.  Blatchley  sent  me  fruiting  specimens  from  the  same  general  region 
which  proved  that  the  plant  could  not  be  so  referred.  The  specimens  were 
sent  to  Prof.  L.  H.  Bailey,  of  Cornell  University,  who  determined  them 
to  be  V.  i-iipestris.  This  grape  is  essentially  southern  in  its  mass  distribu- 
tion, its  recorded  range  being  from  Missouri  to  Texas,  Tennessee  and  the 
banks  of  the  Potomac  near  Washington.  It  is  diflacult  to  understand 
how  it  could  have  wandered  so  far  from  its  original  range,  although,  as 
Prof.  Bailey  writes,  "botanists  have  ceased  being  surprised  at  anything 
from  that  region." 

JuniperttB  nana  Willd.,  {==J,  communis,  L.,  var.  alpina  Gaud.).— Frohi 
Lake  county.  This  form  has  entered  our  flora  from  the  north,  its  recorded 
range  being  from  Maine  to  Minnesota  and  northward. 

Much  work  has  also  been  done  during  the  past  year  in  the  extension 
of  the  range  of  various  species,  largely  through  the  labors  of  Dr.  Hessler, 
Prof.  Blatchley  and  Mr.  W.  W.  Chipman.  It  is  not,  however,  so  much  the 
purpose  of  this  contribution  to  report  upon  the  work  done  during  the  past 
year  as  to  summarize  the  data  now  in  the  hands  of  the  survey,  in  the 
hope  that  much  needed  information  may  be  furnished  before  the  final 
publication  of  the  State  Flora.* 

After  excluding  manifestly  introduced  forms,  recorded  as  ''escapes,*' 
together  with  incorrect  references  due  to  a  scarcity  of  material,  1,360 
species  have  been  passed  upon  by  the  State  survey  and  admitted  to  the 
State  flora.  These  species  are  distributed  through  534  genera  and  124 
families.  The  list  is  doubtless  far  from  complete,  but  under  the  rules  of 
the  survey  no  plant  can  be  admitted  unless  verified  by  an  herbarium  spec- 
imen or  one  that  has  been  passed  upon  by  some  recognized  authority. 
For  the  most  part  the  admitted  species  are  represented  by  herbarium 

*In  previouB  contributions  to  the  State  Flora,  the  nomenclature  followed  was  that  of 
**  Oray's  Manual,''  6th  edition.  This  wa«  done  for  the  purpose  of  ready  correlation  of  the 
facts  given  in  the  contributions,  with  the  records  of  observers.  In  this  contribution  it  is 
thought  best  to  use  the  nomenclature  of  the  "  List  of  Pteridophyta  and  Spermatophyta," 
prepared  by  the  Botanical  Club  of  N.  A. 
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specimens,  although  some  forms  recorded  in  Dr.  J.  Schneck's  "Flora  of 
the  Lower  Wabash,"  determined  by  Dr.  Gray,  have  been  admitted  in  the 
absence  of  verifying  specimens.  The  same  is  true  as  regards  a  few 
forms  contained  in  the  "Alpine  Flora  of  Indiana,"  by  Dr.  A.  J.  Phinney, 
which  were  submitted  to  Dr.  John  M.  Coulter  for  determination.  If  un- 
verified forms,  which  have  been  reported  from  various  parts  of  the  State, 
were  added,  the  number  of  species  would  reach  at  least  1,500.  In  the 
summarized  statement  which  follows  it  will  be  noticed  that  the  reports 
concerning  many  of  the  more  widely  distributed  families  are  manifestly 
incorrect.  This  is  notably  true  in  the  case  of  the  grasses  and  sedges,  an«l 
scarcely  less  evident  in  the  case  of  the  umbellifers  and  the  crucifers.  It  , 
is  hoped  that  botanists  throughout  the  State  will  examine  this  list  care- 
fully and  report  needed  corrections: 


No. 

Families. 

Genera. 

Species. 

1 

CoDifene 

6 
1 
1 
2 
2 
3 
2 

27 

11 
4 
2 
1 
1 
2 
2 
2 

2U 
1 
3 
1 
3 

14 
1 
2 
1 
2 
2 
3 
2 
3 
4 
1 

9 

2 

Typhaceae 

1 

3 

Spareaniaoeffi 

1 

4 

Naiadacea;  . . : 

8 

5 

Juncasinacea? 

2 

6 

Alipmacea^ 

4 

/ 

Hydrocharitacea?! 

2 

8 

Graminete 

47 

9 

Cyperacea! 

48 

10 

Araceaj  

5 

11 

Lemnacese 

2 

12 

Xy  ridaceie 

1 

13 

Eriocaulaceic 

1 

14 

Commelinace^ 

4 

15 

Pontederiacese 

3 

16 

Juncacese 

6 

17 

Liliacea? 

35 

18 

Smilaceve 

5 

19 

Amaryllidacea* 

3 

20 

Dioscoreacea? 

1 

21 

Iridacew! 

4 

22 

Orchidaceai 

36 

23 

Sauru  raceae 

1 

24 

Juglandacea* 

9 

25 

Myricaceae 

1 

26 

Salicacete 

12 

27 

Betulacea; 

10 

28 

Fagacete 

18 

29 

Ulmacea? 

6 

30 

Moraceae 

3 

31 

Urticacete 

4 

32 

Santalacea^ 

1 

No. 

Families. 

Qeners. 

Species. 

2 
4 
3 

3 

10 
16 

17 

18 

27 

2 
2 

1 

e 

2 
3 

2 
1 
1 
1 
1 
6 

34 

29 

27 

M'go'ou.'S ':.■.'.'.'::;:. '::i::i::.''i":'. '.::.:::::::: 

3» 

&1 

1 

2 

54 

IS 

o^aniac^-ie.":;::':::::'::::;:. :::::::::::::::;:::: 

3 

6S 

3 

71 

5 

3 

TiliBceie     

cuiace"   ::::.::;:;:: :::::::::: 

85 

Lythracwf 
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No.  Famiijes. 


86  Melastomacese 

87  Onagracese 

88  Hallorhagidaceve 

89  Araliace«  .  •. 

90  Umbellifera? 

91  Cornacese 

92  Pvrolacei^ 

93  Monotropaceie • 

94  Ericacew # . .  *. 

95  Primulacea; 

96  Ebenaceae 

97  Styracea? 

98  Oleacese 

99  Gentianaceie 

100  Apocynacew 

101  Asclepiadacese 

j02       Convolvulareie 

103  Cuscutaceae 

104  Polemoniacefe 

105  Hydrophyllacea' 

106  Boraginacete 

107  Verbenacese 

108  Labiatff 

109  Solanacea* 

1 10  Scrophulariacese , 

111  Lentibulariacea*  

1 12  Orobanchacea? 

113  fiignoniace» 

114  Pedaliacea' 

115  Acanthaceje 

116  Plantflginaceee 

117  Rubiacete 

118  Caprifoliaceoe 

119  Valerianacea' 

120  Dipsaceaeaj 

121  Cuci^rbitacete 

122  Campanulacefe 

123  Compositce 

124  Cichoriacete 

Total 


An  examiuntion  of  the  table  shows  that  fifteen  families  are  represented 
by  twenty-five  or  more  species,  the  composites  leading  with  one  hundred 
and  eighty-nine.  These  fifteen  families  contain  772  species,  leaving  597 
species  to  be  distributed  among  the  remaining  109  families.  Dominant 
families,  such  as  these,  are,  of  course,  of  general  distribution  throughout 
the  State  and  have  naturally  been  more  closely  studied  than  many  of  the 


Genera. 

Species. 

k 

1 
8 
3 
2 

21 
2 
2 
2 

11 
9 
1 
1 
2 
5 
2 
4 
2 
1 
2 
3 
8 
3 

24 
5 

20 
1 
3 
2 
1 
2 
1 
6 
6 
2 
1 
3 
3 

48 
7 

1 

17 

7 

3 

26 

9 

6 

2 

18 

13 

1 

.•^••« 

1 

6 

13 

3 

14 

8 

5 

10 

7 

'  18 

7 

■ 

56 

13 

42 

4 

3 

3 

1 

3 

9 

18 

18 

5 

1 

3 

12 

189 

25 

5?4 

1 

1,369 

11 — Science. 
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others.  It  is  probable  that  further  study  will  place  the  sedges  and 
grasses  in  the  third  and  fourth  places  instead  of  the  fifth  and  sixth,  in 
which  they  are  now  found.  Twenty-seven  families  are  represented  by  a 
single  species,  so  far  as  reports  have  come  to  the  survey. 

Of  the  1,369  species,  about  one  hundred  and  fifty  are  hydrophytes, 
about  one  hundred  xerophytes,  the  remainder  being  mesophytes.  The 
hydrophytic  area  has  its  center  in  the  lake  region  in  the  northern  counties 
and  in  the  marsh  lands  of  the  Kankakee  River,  though  in  a  lesser  degree 
occurring  along  waterways  and  in  local  swamp  regions.  The  true  xero- 
phytic  flora  is  for  the  most  part  confined  to  the  sand  regions  near  Lake 
Michigan,  although  along  the  roadbeds  of  the  older  railways  true  xero- 
phytes are  occasionally  found. 

The  mesophytlc  flora  of  the  State  is  being  largely  modified  and  the 
hydrophytic  floi-a  is  rapidly  disappearing  or  assuming  mesophytic  adapta- 
tions because  of  the  extensive  drainage  of  swamp  regions.  With  the 
drainage  of  the  Kankakee  marshes  many  forms,  now  a  part  of  the  flora, 
will  disappear.  Evident  modifications  of  the  flora  are  also  occurring 
as  the  result  of  cultivation  of  the  soil,  and  the  removal  of  forest  areas 
and  undergrowth.  The  effects  of  these  changes  are  especially  noticeable 
in  the  virgin  forest  areas  that  still  remain.  In  Marshall  county  such  an 
area  carefully  preserved  from  the  time  of  the  entering  of  the  land  for  set- 
tlement, has  within  the  last  few  years  shown  a  marked  and  rapid  loss 
of  value;  the  tops  and  larger  branches  dying,  and  in  many  cases  the 
main  trunk  also  showing  signs  of  decay.  It  is  estimated  that  within  five 
years  the  timber  has  decreased  in  value  at  least  twenty-five  per  cent. 
The  apparent  modifications  of  conditions  are,  clearing  of  adjacent  forest 
areas  leaving  the  virgin  tract  isolated,  cultivation  of  the  lands  up  to  the 
borders  of  the  area  and  an  enormous  increase  in  the  number  and  carry- 
ing capacity  of  the  tile  drains.  The  timber  of  the  area  is  "mixed,"  as  is 
the  rule  in  Indiana  forests,  but  no  species  seems  exempt  from  the  effects 
of  these  changed  conditions.  It  is  possible  that  the  trees  may  have  ap- 
proached their  normal  life  and  that  the  changed  conditions  have  merely 
served  to  hasten  the  decay  properly  chargeable  to  age.  That  this  infer- 
ence can  scarcely  be  true,  is  shown  from  the  fact  that  in  Jackson  county 
and  the  lower  stretches  of  the  Wabash  much  larger  and  evidently  much 
older  forms  of  the  same  species  maintain  themselves  in  full  vigor.  In 
namilton  county  and  in  other  localities  the  Beeches  have  been  most  seri- 
ously affected.    This  is  possibly  due  to  a  lowering  of  the  soil  water  line 
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resulting  from  tile  draining.  The  root-babit  of  the  Beech  would  lead  us  to 
expect  that  it  would  be  among  the  first  forms  to  be  affected  from  this 
change  of  the  water  level  in  the  soil.  Such  an  explanation,  however, 
would  not  suffice  for  the  Marshall  county  case,  where  the  deep  rooting 
forms  are  as  seriously  affected  as  the  beeches.  The  part  played  by  the 
other  factors  mentioned  in  the  production  of  this  forest  decay  is  yet  to 
be  studied.  The  subject  is  of  such  importance  that  it  will  be  carefully 
studied  before  the  issuing  of  the  State  flora. 

The  floral  regions  of  the  State  as  Indicated  by  Coulter  and  Thomson 
In  the  **Origin  of  the  Indiana  Flora,"*  need  some  modification  in  the  light 
of  a  more  extended  Imowledge  of  the  flora  of  the  State.  The  seven  floral 
districts  of  Coulter  and  Thomson  were  based  largely  upon  geological  hori- 
zons and  altitude,  factors  which  are  quite  subordinate  in  the  limited  area 
of  Indiana  in  the  determination  of  plant  distribution.  The  effect  of  alti- 
tude must  be  vei-y  slight  in  an  area  in  which  the  lowlands  are  about  three 
hundred  feet  above  sea  level  and  the  highlands  only  from  900-1,300  feet 
above.  The  number  of  plants  whose  distribution  is  limited  by  geological 
horizons  must  necessarily  be  very  small  in  a  State  so  largely  affected  by 
the  drift  and  In  which  the  amount  of  soil  derived  from  the  country  rock 
remaining  in  situ  is  so  comparatively  insignificant  It  is  not  meant  that 
these  factors  may  not  be  of  importance  in  other  regions  or  when  wide- 
spread areas  are  considered,  simply  that  in  Indiana  they  are  not  domi- 
nant and  do  not  furnish  the  most  natural  basis  for  the  division  of  the 
State  into  floral  districts.  AVlthout  doubt,  within  our  area,  waterways 
furnish  the  dominant  factor  in  determining  plant  distribution.  That  this 
is  true  can  be  easily  verified  by  checking  the  mass  distribution  of  almost 
any  abundant  form  upon  a  hydrographical  map  of  the  State.  This  is  not 
the  place  to  discuss  in  detail  the  proposed  redistricting  of  the  State,  but 
during  the  coming  season  outline  maps  indicating  approximately  the 
boundaries  of  the  proposed  floral  regions  will  he  distributed  to  the  work- 
ing botanists  of  the  State  for  suggestion  and  criticism. 

The  general  movement,  especially  of  our  summer  and  fall  blooming 
plants  is  toward  the  northwest.  This  was  of  course  to  have  been  ex- 
pected from  the  direction  of  the  prevailing  winds  at  the  time  of  such  dis- 
semination. This  movement  is  quite  marked  and  can  be  noticed  in  al- 
most every  instance  in  the  case  of  plants  accidentally  introduced  into  the 
State  through  the  agency  of  railroads.    In  the  case  of  the  Russian  thistle 


*  Indiana  Geoloffical  Reports,  Vol.  XIV.,  p.  255. 
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and  other  recently  introduced  forms  this  fact  is  very  apparent.  Local 
conditions  may  modify  this  movement  somewhat.  Thus  in  the  north- 
western counties  of  the  State  the  movement  of  the  plants,  especially  those 
of  the  sand  soils  is  to  the  south  and  southeast  because  of  the  winds  from 
Lake  Michigan.  The  very  slight  overlap  of  the  characteristic  prairie 
flora  of  Illinois  into  Corresponding  regions  in  Indiana  is  well  Imown,  and 
has  its  explanation  in  the  alK)ve  facts.  An  examination  of  the  flora  of 
the  State,  and  a  consideration  of  the  mass  distribution  of  the  forms  in- 
volved shows  that  a  very  large  proportion  of  it  is  from  the  east  and  south- 
east, very  little  from  the  west.  Marked  overlaps  occur  with  the  true 
southern  forms  in  the  southwestern  counties,  and  with  northern  forms 
in  the  Lake  region,  but  this  is  to  be  expected  from  the  topographical  and 
hydrographical  features  of  the  regions. 

The  weeds  of  the  State  have  received  much  attention,  and  while  a 
full  treatment  of  the  subject  is  reserved  for  the  final  report  of  this  divi- 
sion of  the  survey,  a  few  facts  are  here  given  in  the  hope  of  securing  ad- 
ditional data  bearing  upon  this  very  important  subject. 

Salsoln  k<ili  tragus  (L.)  Moq.,  the  Russian  thistle  has  not  spread  to 
any  great  degree.     As  indicated  in  a  former  paper,*  its  appearance  in 

Lake  and  Noble  coimties  was  reason  for  the  belief  that  its  distribution  in 

« 

the  State  would  be  limited,  a  belief  happily  justified  by  the  facts.  Its 
disappearance  from  the  regions  in  which  it  is  now  found  is  but  a  question 
of  time. 

Lactuca  scariola  L.,  the  prickly  lettuce.  Is  rapidly  spreading  through- 
out the  State  and  is  becoming  one  of  our  most  dangerous  forms.  It 
spreads  with  extreme  rapidity  and  by  its  rank  growth  shades  out  many 
smaller  forms  and  takes  sole  possession  of  large  tracts.  In  a  piece  of 
waste  land  covering  al>out  ten  acres,  I  noted,  three  years  ago,  perhaps  .a 
half  dozen  plants.  Last  year  the  land  was  entirely  taken  by  the  lettuce. 
None  of  our  weeds  demands  more  vigorous  measures  for  its  repression,  and 
its  firet  appearance  in  any  region  should  be  the  signal  for  the  beginning 
of  repressive  measures. 

Solatium  rostratum  Dunal,  widely  heralded  a  few  years  ago  as  a  dan- 
gerous weed,  has  not  spread  widely  and  is  practically  confined  to  the  re- 
gions in  which  It  first  found  lodgment.  It  was  first  reported  from  Vigo 
and  Sullivan  counties  having  come  in  from  the  west,  and  tliis  position 

^Noteworthy  Indiana  Phanerogam§,  Stanley  Coulter,  Proceedings  Indiana  Academy 
of  Science,  1896,  p.  192. 
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rendered  the  probability  of  any  great  spread  over  the  State  exceedingly 
slight.  The  plant  should,  however,  be  carefully  watched,  although  at 
present  not  of  sufficiently  general  distribution  to  tal^e  ranis  among  the 
dangerous  weeds  of  the  State. 

Erigeron  annuus  Pers.,  white  top,  which  liad  apparently  been  practi- 
cally eliminated  from  the  list  of  weeds  of  the  State,  has  during  the  past 
two  years  appeared  in  great  abundance  throughout  the  State.  In  many 
oases  it  has  entirely  taken  meadows  in  which  it  had  been  practically  un- 
known for  years.  Reports  of  its  occurrence  came  to  me  from  a  large 
number  of  counties  with  requests  for  an  explanation  of  its  sudden  reap- 
pearance. No  satisfactory  explanation  has  as  yet  suggested  itself,  but  as 
the  plant  yields  readily  to  careful  cultivation  it  may  be  considered  as  an- 
noying rather  than  dangerous.- 

Rumcx  acetosella  L.,  field  or  sheep  sorrel,  while  not  a  conspicuous 
landscape  feature  is  in  many  respects  to  be  considered  the  most  danger- 
ous weed  in  the  State.  It  spreads  rapidly  and  because  of  its  early  leafing 
and  habit  of  growth  supplants  the  grass  and  other  desirable  iorms.  It 
sets  root  deeply  and  resists  successfully  all  of  the  ordinary  means  of  weed 
eradication.  Apparently  so  long  as  the  smallest  portion  of  the  root  is 
left  in  the  ground  there  is  danger  ahead.  I  have  records  of  many  cases 
In  which  the  farmer  has  given  up  what  seems  a  hopeless  contest  and  has 
abandoned  his  fields. 

In  the  light  of  to-day,  the  introduction  of  new  weeds  is  not  to  be 
irreatly  feared.  The  persistence  of  our  indigenous  forms  is,  however, 
quite  a  different  matter.  The  presence  of  these  noxious  weeds  Is  not 
merely  a  constant  disgrace,  but  also  a  constant  menace.  The  passage 
and  enforcement  of  wisely  devised  weed  laws  woul^  prove  of  incalculable 
benefit  to  the  State,  and  it  should  be  the  part  of  botanists  to  urge  the 
passage  of  ratiomil  and  workable  laws  upon  tliis  subject. 


Experiments  in  Germination  of  Composites.     By  Stanley  Coulter. 

[Abstruct.l 

A  report  upon  one  hundred  experiments  in  the  germination  of  com- 
posites, confirming  positions  taken  in  a  paper  presented  to  the  Academy 
last  year.    These  positions  were  as  follows; 

1.    The  achenes  of  composites  show  a  low  germination  percentage. 
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2.  The  achenes  of  the  earlier  and  later  flowers  are  as  a  rule  not 

viable. 

3.  The  seedlings  are  especially  sensltiTe  to  heat  and  temperature 

changes. 

4.  The  period  of  the  vitality  of  the  achene  is  rarely  n^ore  than 

two  years. 
Detailed   report   is   reserved   until    more   extended   experiments   are 
made. 


The  MycorhizjB  of  Aplectrum.    By  D.  T.  MacDougal. 


The  Tendrils  of  Emtada  Scandens.    6t  D.  T.  MacDouoal. 


The  Erioaceje  of  Indiana.    By  Alida  Mabel  Cunningham. 

In  determining  the  distribution  of  the  Ericaceae  in  Indiana  there  is  encoun- 
tered the  same  difficulty  as  in  the  case  of  so  many  other  families.  A  complete 
and  thorough  botanical  survey  of  the  State  would  be  a  task  involving  untold 
labor,  and,  however  enthusiastic  the  collector,  the  time  and  expense  involved  in 
such  an  undertaking  will  necessarily  delay  for  some  time  the  accomplishment  of 
the  work.  As  a  result,  comparatively  few  localities  in  the  State  have  yet  been 
fully  reported.  But  it  is  a  matter  of  still  greater  regret  that  so  much  of  the  work 
done  in  the  past  has  been  a  mere  waste  of  energy,  the  reports  left  so  incomplete, 
and  even  the  name  of  the  worker,  in  many  cases,  is  unknown.  The  last  State 
catalogue*  reported  twenty  species  of  Ericaceae  and  six  have  since  been  added  by 
various  collectors.  These  species  represent  nineteen  counties,  and  eleven  have 
no  collector  named  from  any  county  in  the  State. 

The  only  species  I  have  been  able  to  find  in  Tippecanoe  County  is  Monotropa 
uniflora  L.  In  the  summer  of  1895  I  found  eight  specimens.  They  were  growing 
in  a  thick  growth  of  timber,  chiefly  white  oak  and  black  oak,  on  a  heavy  clay 
soil.  The  next  year  the  same  timber  land  was  visited  and  they  were  found  there 
of  the  most  perfect  character  and  in  the  greatest  profusion  all  over  the  tract  of 


*  Of  these  twenty  epecieSt  Oxydendrum  arboreuni,  D.C  Kafmia  angniitifoHn  L.,  Rhodo- 
dendron nudiflorum  Torr.,  and  Pyrola  tecumia  L.  are  not  foand  in  Monroe  County,  as  re- 
corded in  the  State  cataloffue,  and  are  to  be  excluded  from  State  Flora.  This  leaves  the 
number  of  known  species  tWenty-two. 
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land ;  while  last  summer,  1897,  but  two  specimens  were  discovered,  and  thej  very 
imperfect  ones.  It  is  probable  that  the  difference  in  their  occurrence  was  due  to 
the  varied  supply  of  moisture.  The  summer  of  1895  was  unusually  dry,  while 
in  1896  there  was  an  extremely  heavy  rainfall  a  few  days  prior  to  the  appearance 
of  the  plants,  and  1897  bein^^  again  exceptionally  free  from  moisture.  However, 
this  species  has  a  greater  distribution  than  has  any  other  one  found  in  the  State, 
being  reported  from  fourteen  different  counties. 

The  following  list  represents  the  different  species  reported  as  found  in  the 
State: 

GaylusscLcia  frondosa  Torr.  and  Gray  is  reported  from  Clark  county  only. 
(B.  and  T.). 

Oaylussacia  resinosa  Torr.  and  Gray.  Reported  from  Jefferson  county  (C.  R. 
B.),  Monroe  county  (W.  S.  B.),  Clark  county  (B.  and  T.),  Noble  county  (Van 
G.),  also  in  counties  about  Lake  Michigan. 

Vaccinium  is  represented  by  seven  species. 

Vaecinium  stamineum  L.  is  reported  from  Johnson  county  (C.  R.  B.),  Clark 
county  (B.  and  T.),  Monroe  and  Lake  counties. 

Vaecinium  Penngylvanieum  Lam.     Monroe  and  northern  tier  of  counties. 

Vaecinium  tJo/^Ulaus  Solander.     Reported  from  Lake  county. 

Vaccinium  corymbosum  L.  is  reported  from  Cass  county  only,  by  Mr.  Hessler. 

Vaccinium  corymbosum  var.  pailidum  Gray.  Reported  from  Noble  county 
(Van  G.)  and  from  Lake  county. 

Vaccinium  oxycoccus  L.     Only  record  is  in  Lake  county. 

Vaccinium  macrocarpon  Ait.  Reported  from  Cass  county  (R.  H.),  Noble 
County  (Van  G.),  Jay  county  (P.). 

Arcto%taphylos  Uva-ursi  Spreng.     Counties  about  Lake  Michigan. 

Epigcea  repens  L.  is  reported  from  Monroe  county  (W.  S.  B.),  Laporte  County 
(McD.),  ^'Montgomery  and  Lake  counties.'' 

Gaultheria  procumbcna  L.  is  reported  from  Cass  county  (R.  H.),  Noble  county 
(Van  G.).    '' Counties  about  Lake  Michigan." 

Andromeda  polifolia  L.  is  a  northern  form,  being  reported  from  Cass  county 
(R  H.),  Noble  county  (Van  G.). 

Casmndra  calyadata  Don.  is  another  northern  form,  and  is  reported  from 
Cass  county  (R.  H.),  Noble  county  (Van  G.),  and  '^  counties  about  Lake  Michi- 
gan."    . 

Kalmia  laiifoUa  L.     Reported  from  Monroe  county  only. 
Ckimaphila  umbdlaia  Nutt.*    Reported  from  the  following  counties:    Noble 
(Van  G.),  Jefferson,  Monroe  and  Lake. 
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(Viimaphila  nuieuiata  Pursh.  is  reported  from  Putnam  conntj  (McD.),  Frank- 
lin county  (M.),  Jefferson  and  Monroe  counties.  ^^  Counties  about  Lake  Michi- 
gan." 

Pf/rola  ehlorantha  Swartz  is  reported  from  Lake  county  by  £.  J.  Hill. 

I^ola  roiundifolia  L.  Found  in  Noble  county  by  Van  Q.;  also  reported 
from  Lake  county. 

Monotropa  unijlara  L  is  reported  from  the  following  counties:  Franklin  (M.)^ 
Clark  (B.  and  T.),  Jay,  Delaware,  Randolph  and  Wayne  (P.),  Putnam  (McD.), 
Monroe  (W.  8.  B.),  Jefferson  (J.  M.  C),  Cass  (R.  H.),  Noble  (Van  G.),  Gibson 
and  Posey  (S.),  Tippecanoe  (A.  M.  C). 

Monotropa  hypopitys  L.  is  reported  from  the  following  counties:  Clark  (B. 
and  T.),  Noble  (Van  G.),  Vigo  and  Monroe  (W.  S.  B.),  Cass  (R.  H.),  Franklin 
(M.),  Jefferson  and  Monroe. 

In  the  distribution  of  the  Ericacete  throughout  the  State  we  find  the  following 
species  confined  entirely  to  the  northern  part,  i,  e.:  Vaceinium  eorymbosum  L.,  Vae- 
eintum  Ozycoceus  L.,  Arctostaphylos  Uva-ursiy  Spreng.,  Andromeda  polifera  L.,  Cas- 
9andra  calyculata  Don.,  and  Pyrola  ehlorantha  Swartz. 

Oaylussacia  frondosaTorr.  and  Gray  is  found  only  in  Clark  county  (B.  andT.). 

The  remaining  species,  with  the  exception  of  Kalmia  htifoHa  L.,  are  of  general 
distribution. 


Indiana's  GENTiANACEiE.     By  Alida  Mabel  Cunningham. 

Gray's  Manual  includes  ten  genera  of  Gentianacete,  seven  of  which  come 
within  the  range  of  Indiana;  therefore,  we  might  reasonably  expect  to  find  one 
or  more  species  in  nearly  every  county  in  the  State.  Unfortunately  a  compara- 
tively small  portion  of  the  State  has,  as  yet,  been  thoroughly  botanized,  and  we 
find  reports  from  only  nineteen  of  the  ninety-two  counties.  As  reported  the 
range  by  counties  is  from  Lake  on  the  north  to  Clark  and  Jefferson  on  the  south, 
and  from  Jay  on  the  east  to  Vigo  on  the  west. 

The  reports  show  that  six  genera  and  fourteen  species  have  been  found  in 
Indiana.  Of  these  the  genus  Gentiana  is  represented  by  eight  species,  leaving 
the  remaining  six  species  to  represent  five  genera. 

Of  the  different  species  named  in  the  list  below  but  four  have  come  under 
my  own  personal  observation,  and  in  the  reports  of  some  of  the  others  I  find 
wanting  much  that  is  recjuired  to  make  them  of  any  great  value.  For  instance, 
those  reported  from  Marion,  Harrison  and  Washington  counties  fail  to  show  when 
or  by  whom  collected.     Other  counties,  however,  report  the  same  plants  with 
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authority,  except  in  the  case  of  one,  t.  e.,  OerUiana  puhertUa  Michx.,  which  is  not 
reported  from  any  other  locality  in  the  State.  Many  do  not  show  in  what  portion 
of  their  respective  counties  they  ^ere  found,  the  character  of  the  soil,  the  re- 
quirements as  to  moisture,  or  whether  the  plant  is  rare  or  abundant. 

If  we  may  be  permitted  to  draw  a  conclusion  based  upon  these  reports,  we 
would  say  the  length  of  the  list  indicates  that  the  Genti^nacea;  are  rare  in  the 
State;  for,  although  a  very  small  portion  of  the  State  has  yet  been  systematically 
botanized,  surely  flowers  of  such  exquisite  loveliness  as  are  the  Gentians  would 
scarcely  escape  the  eye  of  the  most  casual  observer,  and  even  in  those  counties 
where  the  work  has  been  most  thoroughly  and  systematically  done  they  are  not 
represented  by  a  large  number  of  species.  Doubtless  the  time  is  past  for  flnding 
a  great  number  of  species  of  Gentianacese  in  Indiana,  for  the  every  appearance  of 
this  flower  would  indicate  that  it  is  too  delicate  a  plant  to  withstand  the  encroach- 
ment of  cultivation  and  would  beat  a  hasty  retreat  before  the  march  of  improve- 
ment. Hence  the  cause  for  regret  that  the  work  done  by  the  early  collectors  is 
of  80  little  real  value  to  science;  for  unquestionably  there  were  then  to  be  found 
here  many  forms  of  plant  life  that  have  now  forever  disappeared  from  the  State. 
It  is  to  be  hoped  that  all  future  collectors  of  plants,  of  whatsoever  description, 
will  see  that  their  collections  are  properly  accredited  to  them,  and  further  that 
they  make  their  reports  full  and  complete,  that  tlie  future  student  may  know 
something  of  the  distribution  of  the  plant,  whether  rare  or  abundant,  and  whether 
he  may  reasonably  expect  to  find  it  growing  in  a  swamp  or  a  gravel  bank,  in  the 
valley  or  on  the  hilltop. 

The  following  is  a  list  of  all  the  Gentianacefe  of  which  I  have  been  able  to 
find  even  a  trace  in  Indiana : 

Sabbatia  is  represented  by  two  species: 

Sabbalia  hrachiata  Ell.  is  reported  only  from  Jefferson  county  by  Dr.  J.  M. 
Coulter. 

Sabbalia  angularis  Pursh.  is  reported  from  Gibson  and  Posey  counties  (S.), 
Cass  county  (R.  H.),  Franklin  county  (M.),  Jeflerson  county  (J.  M.  C),  Clark 
county  (B.  and  T.),  Lauramie  Township,  Tippecanoe  county,  August,  1897. 
Only  a  few  specimens  were  found  growing  in  rich,  black  soil  in  the  edge  of  timber. 
(A.  M.  C). 

Gentiana  cnnifa  is  reported  from  Cass  county  (R.  H.),  Noble  county  (W.  B. 
Van  G.),  Wayne  county  (P.),  Marion  county. 

OerUiana  serrata  Gunner  is  reported  from  only  two  counties — Noble  (W.  B. 
Van  G.),  west  central  portion  of  Lauramie  Township,  in  the  Southeast  corner  of 
Tippecanoe  county  along  the   Little  Wea  Creek.     It  was  found  growing  in  a 
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marsh  adjacent  to  the  creek  in  1896.  The  area  over  which  it  was  found  was,  per- 
haps, an  eighth  of  an  acre  in  extent,  and  this  entire  area  might  be  truthfully 
described  as  a  mass  of  the  bright,  rich  purple  of  this  magnificent  flower.  -The 
same  place  was  visited  in  1897  and  not  a  single  specimen  could  be  discovered 
(A.  M.  C). 

OerUiana  quinquefiora  Lam.  is  reported  from  Franklin  county  (M.),  Noble 
county  (W.  B.  Van  G,),  Marion  county,  **  Happy  Hollow,"  one-half  mile  north 
of  West  Lafayette,  Tippecanoe  county.  Common  in  rich,  moist  places  along  the 
foot  of  the  bluffs.     September,  1896  (A.  M.  C). 

Oentiana  quinqiieflora  LiAm,  ^  var.  oceidentalis  Gray,  is  reported  only  from  the 
'*  Knob"  region  by  Dr.  Clapp. ' 

OerUtajia  puberula  Michx.  Reported  from  Harrison  and  Washington  coun- 
ties.    No  authoritv. 

Oentiana  Saponaria  L.  is  reported  from  Vigo  county  (W.  S.  B.). 

Oentiana  Andrewsii  Grieseb.  is  more  generally  distributed  than  any  other 
species,  being  reported  from  twelve  counties,  t.  e.;  Jay,  Delaware,  Randolph  and 
Wayne  in  the  east;  Jefier^on,  Gibson  and  Posey  in  the  south;  Vigo  in  the  west; 
Monroe  and  Franklin  in  the  central,  and  Noble  and  Cass  in  the  north. 

Oentiana  alba  Muhl.  is  reported  from  Cass  county  (R.  H.),  Vigo  and  Monroe 
counties  (W.  8.  B.),  Noble  county  (W.  B.  Van  G.),  Gibson  and  Posey  counties 
(S.),  ** Happy  Hollow,"  one  half  mile  north  of  West  Lafayette,  Tippecanoe 
county.  But  a  single  plant  was  found  growing  among  a  thick  growth  of  timber 
on  a  gravelly  clay  soil  on  top  of  a  bluff.     August,  1896  (A.  M.  C). 

Frasera  Carolinensis  Walt,  ranks  next  to  Oentiana  Andrewsii  Grieseb.  in  distri- 
bution, being  reported  from  nine  counties:  Cass  county  (R.  H.),  Noble  county 
(W.  B.  Van  G.),  Jay,  Delaware,  Randolph  and  Wayne  counties  (P.),  Gibson  and 
Posey  counties  (S.),  Franklin  county  (M.). 

Bartonui  tenella  Muhl.  is  reported  from  Noble^  county  only,  by  W.  B.  Van 
Gorder. 

ObolaHa  Virginiea  L.,  as  far  as  our  knowledge  goes,  is  confined  to  the  south- 
ern and  central  portions  of  the  State,  being  reported  from  Gibson  and  Posey 
counties  (S.),  Clark  county  (B.  and  T.),  Vigo  and  Monroe  counties  (W.  S.  B.), 
Jefferson  county  (C.  P.  V.). 

Menyanthes  trifoliata  L.  seems  to  be  an  exclusively  northern  form,  being 
reported  from  Lake  county  (E.  J.  H.),  Noble  county  (W.  S.  Van  G.),  Cass  county 
(R.  H.),  Kosciusko  county  (W.  W.  C). 


iHABCHiNO  OF  Oak  Trees,     By  John  S.  WitiaRT. 

On  the  western  bolder  of  what  is  knowD  ns  Cj-press  Swamp,  or  Pond, 
lu  the  "pocket"  of  Knox  county,  and  at  the  aide  of  the  wagon  road,  about 
one-third  of  a  mile  east  ot  the  locks  at  the  Wabash  Kaplda,  I  obaerred  last 
September  an  interesting  case  of  natural  grafting  of  forest  trees.  The 
united  trees  were.  Judging  from  the  leaves,  there  being  no  fruit  obtaln- 
nble.  sreclmcns  of  Swamp,  Overeup  or  Post  Oali,  Quercug  Igrata  Wait 

I'lii-  trees  stood  clone  together,  so  close  in  fact  that  a  careful  exawlna- 
lloD  onl7  showed  that  the  trunks  were  actually  separate  at  the  ground. 
The  larger  of  the  trees  was  about  eighteen  Inches  In  diameter  one  foot 
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above  the  ground,  the  smaller  about  nine  inches.  As  shown  in  the  photo- 
graph, the  trunks  were  separate  to  a  height  of  about  eight  feet,  where 
they  were  united  by  a  large  protuberance  which  seemed  to  have  its  origin 
in  the  larger  tree,  as  it  partially  enveloped  its  trunk.  A  section  of  this 
connection  would  be  of  an  irregular  oval  shape,  the  longer  dimension  in 
line  with  the  axes  of  the  trunks.  This  longer  diameter  would  measure 
about  two  feet.  The  union  seemed  to  be  of  a  heajthy,  woody  growth,  cov- 
ered with  rough  bark. 

Below  the  graft  the  trunks  were  about  seven  or  eight  inches  apart  and 
nearly  parallel;  above  they  diverged  slightly. 

The  lack  of  measuring  appliances  at  the  time  of  the  examination  pre- 
vents anything  but  an  approximation  of  dimensions. 


Notes  on  the  Cypress  Swamps  of  Knox  County,  Indiana. 

By  John  S.  Wright. 

It  has  been  stated  frequently  that  in  Knox  County,  Indiana,  are  the 
northernmost  cj-press  swamps.  According  to  the  manual  of  Britton  and 
Brown,  the  range  of  the  cypress  (Taj-odium  distichum  (L),  L.  C.  Rich)  Is 
given  as  "Delaware  dwssibly  in  southern  New  Jersey),  Florida,  west  to 
Texas,  north  in  the  Mississippi  Valley  region  to  southern  Indiana.  Mis- 
souri and  Arkansas."  Gray's  Manual  also  gives  this  range.  The  latitude 
of  the  swamps  of  Knox  county  is  about  38°  30',  so  that  if  cypress  ranges 
over  any  considerable  portion  of  southern  Delaware  it  is  in  a  higher  lat- 
itude than  that  of  Knox  county,  since  Delaware  extends  from  about  38° 
28' to  about  39°  50'.  Cypress  of  New  Jersey  would  also  be  above  this  latitude, 
since  Cape  May,  the  most  soutliern  iKiint,  is  al)out  38°  50'.  While  it  may 
be  that  the  cypress  swamps  of  Knox  county  are  the  most  northern  charac- 
teristic growths  of  this  kind,  they  certainly  do  not  mark  the  northern  limit 
of  the  range  of  the  cypress.  The  swamps  of  Knox  county  are  located, 
so  far  as  I  could  learn,  almost  wholly  in  the  townships  of  Decker  and 
Johnson,  Iwth  southern  townships,  and  bounded  on  the  south  by  the  AVhito 
River.  .  Decker  To\7nship,  forming  what  is  known  as  the  pocket  of  Knox 
county,  is  the  triangular  tract  included  by  the  W^abash  and  White  rivers 
near  their  confluence.  (See  map.)  A  very  large  part  of  tliis  territory  's 
below  extreme  high-water  level.  Much  of  the  soutliern  and  southwestern 
portions  of  Johnson,  and  a  very  considerable  part  of  Decker  Township,  's 
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Id  tbe  rlolnlty  of  Goose  I'oiid  and  Clear  Pond  a  few  old  trees  were 
standing  Id  clear  open  Hpacen  unoe  covered  by  water,  but  drj  and  good 
posture  land  In  Scpteniber  of  1807.  Tliese  old  trees  were  of  large  diam- 
eter at  the  ground,  one  measuring  15  feet  at  tbe  surface  of  the  ground. 
This  expanded  trunk  contracted  suddenly  into  a  l>ench  at  a  height  of  about 
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four  feet.    The  largei-  of  the  two  diverging  trunkH  ascending  from  this 
bnfie  was  not  over  a'-i  feet  In  Ulnmeter  8  feet  above  tlie  ground.     (See 


Many  of  the  sciiIU'rlng  cypress  trees  of  thiB  swaiiip  iind  itie  surround- 
ing woodland  were  very  tall  and  graceful.  Ik-Irk  fine  n'iircsi>nliitive*"  of 
the  siiecleB.  A  hinilKTnian  estimated  the  height  of  scvorni  of  these,  by  a 
rough  Iml  fairly  nci-iirnlc  method,  to  be  lUI.  12.")  nnd  130  feet,  with  trunk 
diameter  of  .TiJ  to  4  feel.  4  feet  above  tlie  ground. 
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In  the  work  tlie  southwestern  portion  of  Johnson  Township  was  pretty 
well  covered,  and  cypress  noted  in  the  parts  indicated  on  the  map.  Decker 
Township  was  traversed  the  entire  length  four  times  over  three  slightly 
different  routes.  Cypress  was  found  sparsely  distributed  throughout  the 
heavily  tlmbere<l  country  in  the  vicinity  of  "Cypress  Pond."  At  one  time 
It  was  abundant  there,  but  it  has  been  nearly  all  cut  out. 

Lumbermen  reported  cypress  in  the  following  localities:  "Wabash 
Pond,"  "Claypole  Hills"  and  in  low  ground  near  White  River  east  of 
"Red  Cloud."  "Wabash  Pond"  was  not  visited,  and  none  was  found  in 
the  vicinity  of  the  Claypole  Hills,  although  it  is  probably  to  be  found  thero, 
as  it  is  found  in  some  other  localities,  represented  by  a  few  scattering 
trees,  which  have  been  left  in  the  general  destruction  of  this  timber,  occa- 
8ione<l  by  the  demands  for  mill  material.  Oak  is  the  most  valuable  and 
abundai)t  timber  now  left  in  this  region.  A  temporary  railroad  track  runs 
from  Decker  (Deokertown)  west  and  north  about  ten  miles,  and  is  used 
exclusively,  or  nearly  so,  in  transporting  logs  and  lumber  from  the 
mills  and  forests  of  that  region  to  the  mill  at  Decker  and  to  the  Evansville 
&  Terre  Haute  Railroad  at  that  point 

From  an  examination  of  the  woodlands  of  Decker  and  Johnson  Town- 
ships, it  is  evident  that  within  recent  years  cypress  was  an  abundant 
or  predominant  tree  over  territory  aggregating  18  or  20  square  miles.  At 
present  it  is  fast  disappearing,  and  in  all  of  the  localities  mentioned  it  is  of 
minor  importance  in  estimating  the  lumber  resources. 


Some  Indiana  Crow  Roosts.     By  A.  W.  Butleb. 

• 

When  winter  approaches,  crows  are  observed  to  become  much  scarcer 
in  many  localities  and  very  much  moro  numerous  in  others.  In  October 
and  November  they  begin  to  oolloct  in  places  in  companies  of  greater  or 
less  size  and  form  "crow  roosts."  These  are  to  be  found  in  the  woods  in 
different  parts  of  the  country.  Some  are  small,  containing  but  a  few 
liundred  individuals.  It  is  estimated  that  others  contain  as  many  as  a 
quarter  of  a  million,  or  more,  crows.  The  Division  of  Ornithology 
and  Mammalogy  of  the  United  States  Department  of  Agriculture  issued 
Bulletin  No.  0,  which  contains  the  most  complete  account  of  the  crow 
and    its    habits    that    has    been    published.     It    mentions  a  number  of 
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crow  roosts  in  the  United  States.  Only  one,  liowever,  is  noted  from  Indi- 
ana. This  one  was  located  near  Irvlngton  and  was  reported  by  Mr.  W. 
P.  Hay.  In  the  course  of  other  investigations  I  have  gathered  some  , 
information  concerning  crow  roosts  in  and  near  this  State.  Those  to  be 
mentioned  are  very  probably  not  all  that  will  be  found,  but  the  list  which 
I  shall  give  will  serve  as  a  basis  for  an  investigation  of  this  interesting 
and  important  subject 

I  mention  the  following  which  have  bpen  reported: 

1.  A  roost  near  Richmond,  Ind.,  where,  prior  to  the  winter  of  181>6-7, 
they  roosted  in  large  numbers  about  a  mile  and  a  half  northwest  of  that 
city.  Mr.  W.  S.  Ratliff  informs  me  that  they  remained  all  winter,  but 
towards  spring  became  restive  and  frequently  changed  their  roosting 
place. 

October  10th,  1896,  a  small  company  began  to  collect  about  two  and 
one-half  miles  west  of  Hichmond.  On  the  14th  they  changed  to  another 
locality,  and  then  suddenly  disappeared. 

2.  Mr.  Hatlifif  informs  me  of  a  roost  near  Boston,  ten  miles  south  of 
Hichmond.  It  may  possibly  be  that  this  is  the  same  company  which  for- 
merly occupied  the  first  mentioned  roost. 

3.  Prof.  W.  P.  Shannon  informed  me  of  a  roost  near  Milroy,  in  Rush 
county,  of  which  Mr.  Lou  Innis  gave  him  the  following  information:  He 
said  the  roost  was  in  a  soft  maple  swamp  and  that  the  crows  sometimes 
came  there  by  thousands.  They  were  most  abundant  in  roasting-ear  time. 
In  late  years  this  roost  has  been  almost  broken  up  by  the  cutting  of  the 
trees  and  the  persecution  of  the  neighborhood  boys.  At  times  the  farmers 
were  obliged  to  make  vigorous  warfare  against  the  birds  to  save  their 
corn.  According  to  the  older  residents,  the  roost  has  been  located  at  the 
same  place  since  their  earliest  recollection. 

4.  Prof.  AV.  S.  Blatchley  informs  me  of  a  roost  in  a  pine  grove  west  of 
Bloomiugtou,  Ind. 

5.  The  same  gentleman  also  reports  one  near  Terre  Haute. 

6.  With  the  assistance  of  Prof.  W.  P.  Shannon  I  have  been  able  to 
obtain  some  facts  concerning  a  roost  in  Shelby  county.  The  members 
of  this  roost  have  been  for  a  number  of  years  past  familiar  objects  to 
passengers  through  that  county  on  the  Big  Four  Railroad  in 
daytime,  when,  in  the  morning,  they  might  be  seen  wandering  abroad  in 
search  of  food  and  in  the  evening,  returning  to  their  roosts.    Mr.  Willard 
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Fields,  of  Fairland,  says  that  for  aboiit  six  or  seven  years  prior  to  1891  or 
1802  they  occupied  a  grove  of  about  fifteen  acres  adjoining  the  town  of 
Fairland,  but  the  boys  disturbed  them  so  that  they  sought  another  locality, 
and  they  have  since  established  several  different  roosts.  He  says  that  their 
present  roost  is  four  or  five  miles  southwest  of  Fairland.  Mr.  J.  G.  Perry,  of 
London,  Ind.,  says  this  roost  Is  located  between  London  and  Brookfleld,  on 
the  north  side  of  the  railroad,  where  they  have  roosted  every  winter  for 
the  past  four  years  at  least. 

7.  The  roost  near  Irvington,  as  has  been  mentioiled,  was  described  by 
Mr.  W.  P.  Hay  February  24,  1890,  in  BuUetin  No.  6,  Division  of  Ornithol- 
ogy and  Mammalogy,  United  States  Department  of  Agriculture,  pp.  18 
and  19.  In  1893  or  1894  Mr.  George  S.  Cottman  visited  this  roost  and  pub- 
lished an  account  of  it  in  the  Indianapolis  News. 

8.  Mr.  John  S.  Wright  informs  me  there  is  a  roost,  which  is  not  a 
large  one,  near  Brown's  Valley,  Montgomery  county. 

9.  Mr.  Wright  also  tells  me  of  a  well-known  roost  near 
Oamargo,  111.  There  the  crows  gather  by  tens  of  thousands 
to  roost  in  a  scrub  oak  grove.  It  is  said  members  of  this  company 
range  nearly  or  quite  across  the  first  two  tiers  of  counties  in  Western 
Indiana,  more  or  less,  nearly  east  of  Camargo.  Twenty  or  thirty  years 
ago  they  are  reported  to  have  wandered  by  day  as  far  as  Terre  Haute, 
Vigo  county;  Armiesburg  and  Montezuma,  in  Parke  county,  and  Clinton, 
Vermillion  county.  There  they  obtained  their  food  from  the  refuse  of 
slaughter  houses,  which  were  prominent  industries  in  those  places. 

10.  ^Ir.  J.  A.  Balmer,  in  1889,  wrote  me  of  a  roost  numbering  prob- 
ably five  hundred  birds,  to  be  found  in  the  two  cemeteries  at  Vincennes 
through  the  winter. 

11.  Mr.  R.  R.  Moffett  reports  a  crow  roost  at  Slim  Timber,  White 
county,  about  twelve  miles  west  of  Brookston  and  twenty-one  miles 
northwest  of  Lafayette.  He  estimates  that  one  hundred  thousand  crows 
winter  there. 

12.    Dr.  J.  T.  Scovell  informs  me  there  is  a  roost  between  Lake  Maxin- 
kuckee  and  Logansport. 

13.  Mr.  E.  A.  Schulze,  of  Ft  Wayne,  reports  a  roost  in  School  District 
No.  7,  Bath  Township,  Franklin  county,  Indiana,  in  1801,  and  says  it 
existed  for  at  least  ten  years  previous  to  that  date.  He  estimates  that 
1,000  crows  wore  members  of  it. 

12 — Science. 
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111  additiou  to  tliose  meiitioned  it  is  probable  there  is  a  roost  to  the 
northward  of  the  Panhandle  Railroad,  not  far  from  Knightstown.  as  great 
numbers  of  crows  may  be  seen  passing  in  that  direction  late  in  the  after- 
noon at  this  season. 

There  is  also  probably  a  roost  just  over  the  line  in  Ohio,  southeast  of 
Franklin  county,  and  east  of  Dearborn  county.  Mr.  H.  F.  Bain  one  win- 
ter observed  their  coming  in  the  morning  and  departing  in  the  evening  in 
southern  Franklin  county,  and  the  direction  from  which  they  came,  and  in 
which  they  went  indicated  they  belonged  to  a  roost. 

It  is  to  be  desired  that  all  information  possible  be  obtained  (concern- 
ing this,  and  any  other  roosts  which  are  found  within  the  State  or  the 
members  of  which  range  into  Indiana,  including  the  localities,  dates  of 
assembly  and  dissolution,  foods,  number  of  individuals  composing  the 
'roost,  according  to  the  best  estimates  obtainable,  and  general  habits  of  the 
birds  and  also  the  disposition  of  the  people  toward  them. 


Notes  on  Crow  Koosts  of  Westekn  Indiana  and  Eastern  Illinois.     By 

John  S.  Wrkjht. 

Through  the  central  part  of  Vermillion  county,  Indiana,  <luring  the 
late  fall,  winter  and  early  s[>ring,  the  crows  may  be  observed  during  the 
afternoon  in  large  flocks  feeding  over  fields  and  working  their  way  west- 
ward. During  the  shorter  days  this  is  noticed  early  in  the  afternoon. 
Through  the  part  (central)  of  Vermillion  county.  Indiana,  in  which  I  have 
observed  these  movements,  I  know  that  it  is  thought  that,  during  times 
other  than  the  breeding  season,  these  birds  liv^j  in  large  numbers  in  well 
established  roosts  located  in  the  small  groves  which  are  found  hi  the  prai- 
ries of  Eastern  Illinois. 

In  order  to  secure  some  definite  information  on  this  question  last  May 
I  wrote  Dr.  Tlioinas  Hoo<l,  of  Dana,  Vermillion  county,  Indiana,  whose 
practice  has  familiarized  him  with  the  locality.  In  response  he  wrote  me 
about  as  f(»llows:  "I  have  inquired  concerning  the  roost  in  question  (one 
reported  at  Camargo,  Douglass  county,  Illinois.)  of  our  older  citizens.  They 
have  each  heard  of  it,  and  some  say  there  are  more  pla<-es  than  one  where 
the  crows  are  in  the  habit  of  congregating  for  the  night  in  the  little  strips 
of  scrubby  oaks  which  grow  along  the  small  drains  of  the  prairie  to  the 
west  of  here. 
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"One  locality  south  of  Metcalf,  Vermillion  county,  Illinois,  and  west 
of  Edgar  Station,  Edgar  county,  Illinois,  is  mentioned.  Another  farther 
■west,  north  of  Newman,  Douglass  county,  Illinois,  is  also  mentioned. 

"It  is  said  that  the  crows  are  quite  pugnacious  if  any  one  invades  the 
roost  to  do  them  harm,  and  are  able  to  make  it  unpleasant  for  the  invader. 
The  farmers  do  not  molest  them,  as  they  do  not  feed  or  do  any  damage 
to  the  crops  anywhere  near  the  roost.'* 

In  June  last  I  was  in  Dana,  Indiana,  with  the  intention  of  visiting  a 
roost  which  I  heard  was  located  at  Hume,  a  station  on  the  I.,  D.  &  W. 
llailroad,  in  Vermillion  county,  Illinois,  about  nineteen  miles  west  of  the 
State  line,  but  learned  of  Mr.  D.  V.  Bradley,  of  "The  Hume  Record,"  with 
whom  I  talked  by  telephone,  that  it  would  be  useless  to  visit  the  roost  at 
that  time,  as  the  crows  were  all  nesting  in  the  timber  lands  of  the  country 
over  which  they  fed  (parts  of  Edgar  and  Vermillion  counties,  Illinois,  and 
Vermillion  county,  Indiana),  and  would  not  again  congregate  at  the  roost- 
ing place  until  about  October,  when  the  nesting  season  would  be  over.  Mr. 
Bradley  stated  that  several  years  ago  these  crows,  which  number  many 
thousands,  roosted  about  two  miles  north  of  Hume.  Being  molested  and 
<lriven  from  that  point,  they  established  a  roost  in  a  maple  grove  (on  the 
farm  of  John  Hardin),  southeast  of  Hume  (distance  not  stated),  and  being 
again  disturbed,  they  moved  to  a  grove  across  a  slough,  about  one-half  a 
mile  north  of  Hume,  at  which  point  they  were  last  winter. 

A  similar  roost  is  reported  at  Camargo,  Douglass  county,  Illinois,  about 
thirty-two  miles  west  of  the  State  line,  on  the  I.,  D.  &  W.  Railroad.  Years 
ago  it  was  within  sight  of  the  railroad. 

Mr.  George  M.  Gossett,  formerly  residing  near  or  in  Edgar,  Edgar 
County,  Illinois,  about  ten  miles  west  of  the  line,  reports  a  large  roost 
near  that  place. 

Several  old  citizens  of  Helt  Township,  Vermillion  county,  Indiana, 
(James  Kauflfman,  Richard  CJilmore  and  others),  report  that  about  twenty 
or  twenty-two  years  ago  a  large  roost  existed  in  the  southern  part  of  the 
township  in  some  of  the  pieces  of  timber  along  the  edge  of  the  prairie  and 
a  few  miles  west  of  the  Wabash  River  (about  .seven  miles  north  and  west 
of  Clinton).  Tlio  persons  who  had  known  this  roost  state  that  the  crows 
fed  up  and  down  the  Wabash  River  and  to  the  east  of  it  into  l*arke  county. 
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foraging  around  the  packing  houses  located  at  the  various  towns,  particu- 
larly Terre  Haute  (twenty  or  twenty-two  miles  south)  and  Armiesburg,  in 
Parke  county,  on  the  old  Wabash  &  Erie  Canal  (seven  or  eight  miles  dis- 
tant) west  and  north. 

A  roost  is  reliably  reported  to  have  existed  some  eight  years  ago  about 
one  mile  northwest  of  Brown's  Valley,  Montgomery  county,  Indiana 
(about  thirteen  miles  southwest  of  Crawfordsville).  This  is  said  not  to 
exist  there  at  present 

The  same  person,  a  Rev.  Mr.  Kendall,  of  Dana,  formerly  of  Brown's 
Valley,  who  reported  the  Brown's  Valley  roost,  stated  that  another  was 
located  about  one  mile  north  of  Guion  (the  crossing  of  the  T.  H.  &  L.  Divi- 
sion of  the  Vandalia  and  the  I.,  D.  &  W.  Railroad)  in  the  timber  not  far 
from  Little  Raccoon  Creek. 

The  last  two  roosts  mentioned  seem  not  to  have  been  as  large  as  those 
of  Eastern  Illinois. 

Those  acquainted  with  the  Illinois  roosts  state  that  the  crows  are  not 
in  the  habit  of  feeding  near  the  roost,  though  they  are  some  times  destruc- 
tive to  corn  in  the  roasting-ear  stage. 

The  roosts  are  very  noisy.  The  birds  will  often  alight  two  and  throe 
deep  on  limbs,  bending  the  branches  and  splitting  the  tree  tops.  The  set- 
tling down  for  the  night  is  accompanied  by  cries  and  caws,  crashing  of 
limbs  and  the  continuous  flutter  and  flapping  of  wings  as  the  birds  move 
about  to  find  vacant  perches. 

Nearly  all  with  whom  I  have  talked  of  these  roosts  state  that  the 
crows  will  defend  the  roost  against  an  ordinary  intrusion  by  a  single  per- 
son or  by  a  few  persons,  showing  great  pugnacity.  However,  when  a 
general  onslaught  is  made  and  the  battle  seems  too  much,  they  arise  and 
move  away.  They  have  been  known  to  ruin  fields  of  com  which  had 
attained  a  height  of  several  feet  on  alighting  after  a  flight  from  such 
attacks. 


Brunnich's  Guillemot  (Uria  lomvia)  an  Addition  to  the  Birds  of  In- 
diana.    By  a.  W.  Butler. 

The  effects  of  storms  upon  birds  are  always  of  great  interest.  It 
makes  no  difference  whether  this  is  the  flight  of  migrants  during  a  dark 
and  stormy  night  against  the  protection  of  the  lights  of  a  lighthouse  or 
of  a  lighting  tower,  or  the  death-dealing  effects  of  a  chilling  storm  upon 
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our  great  lakes  at  the  height  of  the  migrating  season,  or  the  bewildering 
influences  of  a  wide-extended  storm  area,  which  causes  these  wanderers 
to  lose  their  way  or  scatters  birds  far  from  their  natural  homes.  These 
conditions  are  so  sudden  and  their  results  are  so  unusual  and  in  many 
cases  almost  entirely  unexpected,  that  it  is  but  rarely  that  one  can  take 
the  opportunity  or  find  available  the  material  for  very  satisfactory  study 
of  the  conditions  and  results. 

It  has  been  my  good  fortune,  since  our  last  meeting,  to  have  received 
some  very  interesting  information  bearing  ui)on  the  dispersal  of  birds  by 
storms.  To  one  of  these  I  shall  refer  at  this  time.  Brunnich's  Murre,  a 
bird  of  the  North  Atlantic,  which  is  seldom  found  far  south  of  New  Eng- 
land, and  is  never  believed  to  have  been  authentically  reported  far  from 
the  ocean,  has  been  taken  in  such  localities  as  indicate  that  just  before 
the  middle  of  December,  1896,  some  great  storm  must  have  driven  a  num- 
ber of  these  birds  far  inland  and  dispersed  them  far  south  along  the 
Atlantic  coast.  They  were  found  in  Michigan,  Western  Indiana,  in  Ohio, 
and  as  far  south  as  South  Carolina. 

While  at  Indianapolis  the  last  week  in  December,  1896.  Prof.  W.  S. 
Blatchley,  State  Geologist  of  Indiana,  told  me  of  a  strange  bird  that  had 
been  taken  near  there.  His  information  was  that  it  was  some  sort  of  a 
Guillemot.  I  learned  it  had  been  sent  for  mounting  to  Mr.  J.  E.  Beasley, 
at  Lebanon,  Ind.,  and  that  the  same  taxidermist  had  received  others. 

Upon  my  return  home  I  found  a  letter  from  my  friend,  Mr.  Ruthven 
Deane,  informing  me  that  Air.  F.  M.  Woodruff,  of  the  Chicago  Academy  of 
Science,  had  received  a  Murre  from  Indiana.  A  few  days  later  this  infor- 
mation was  supplemented  by  a  letter  from  Mr.  Woodruff,  informing  me 
that  the  specimen  w^as  Uria  lomvia. 

In  looking  over  my  accumulated  mail  I  found  a  report  from  Mr.  A. 
W.  Hamilton,  Zanesville,  Ind.,  of  the  capture  of  a  specimen  near  there. 
Prof.  E.  S.  Moseley  wrote  me  of  the  capture  of  four  specimens  near  San- 
dusky, O.,  and  Mr.  J.  E.  Beasley  in  a  note  said  he  had  received  four  speci- 
mens. The  total  number  of  records  received  in  a  few  days  was  ten. 
I  give  herewith  data  concerning  the  specimens. 

The  first  specimen  mentioned  above  was  brought  to  Mr.  F.  M.  Noe,  a 
dealer  in  natural  history  specimens,  of  Indianapolis,  Dec.  17,  1890,  by 
a  boy,  who  told  him  it  had  been  taken  alive  the  preceding  Sunday,  Dec.  13. 
near  Schofield's  old  mill,  on  Fall  Creek,  about  seven  miles  north  of  that 
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<jity.  The  specimen  is  now  in  the  State  Museum  at  the  Capitol.  The  spec- 
imen reported  by  Mr.  Hamilton  was  taken  by  Mr.  J.  W.  Roe,  of  Zaues- 
ville,  Ind.,  in  the  northern  part  of  Wells  County,  Dec.  18,  1896.  It  was 
first  observed  slowly  moving  about  in  an  open  field  and  was  shot  at  long 
range.    This  bird  is  now  in  my  collection. 

On  December  28,  Mr.  J.  E.  Beasley  wrote  me  that  he  had  in  his  pos- 
session four  of  these  birds  from  four  different  Indiana  localities.  One 
was  the  specimen  sent  by  Mr.  Noe.  Another  was  brought  to  him  alive  by 
Mr.  David  Johnson,  from  Hazelrigg,  Boone  County,  December  18.  Mr.  A. 
W.  Beck,  of  Hazelrigg,  informs  me  that  it  was  captured  alive  about  Decem- 
ber 15.  Mr.  Johnson  was  driving  along  the  road  near  that  town  and  saw 
the  bird  in  a  field  near  by.  He  caught  it  and  kept  it  two  or  three  days. 
It  was  a  persistent  diver  when  put  into  the  water;  would  offer  to  fight 
when  approached,  and  did  not  make  much  effort  to  get  away. 

The  third  bird  was  sent  to  him  by  Mr.  J.  P.  Warner,  of  Fowler,  Benton 
County.  Mr.  Warner  has  written  me  the  bird  was  captured  on  the  road 
about  three  miles  west  of  Fowler  by  a  teamster,  whose  name  is  unknown 
to  him,  about  Dec.  20.  He  adds  that  he  never  saw  but  one  other  bird  of 
this  kind.  It  was  caught  near  Reynolds,  White  County,  Indiana,  by  Mr. 
Liinck,  a  night  watchman  on  the  Panhandle  Railroad,  in  March,  1869.  He 
adds:  "It  lived  three  or  four  days  and  died  in  my  possession,  but  was  not 
preserved." 

The  fourth  was  received  by  the  taxidermist,  about  Dec.  20,  from  Mr. 
A.  C.  Littleton,  Pickard,  111.  It  was  caught  by  Mr.  Abel  Christy, 
about  three-fourths  of  a  mile  north  of  that  place,  Dec.  10,  and  was  kept 
alive  until  it  was  sent  to  be  mounted,  but  died  on  the  road. 

Prof.  E.  L.  Moseley,  Sandusky,  Ohio,  informs  me  that  the  four  speci- 
mens he  reported  were  taken  within  twenty  miles  of  Sandusky,  Dec.  19, 
1896. 

A  fine  adult  male  was  taken  by  a  twelve-year-old  boy  on  the  Iroquois 
River,  Iroquois  Township,  Newton  County,  Ind.,  one  and  a  half  miles  from 
Foresman,  near  what  is  known  as  the  old  Indian  Ford,  Dec.  31,  1896.  It 
was  shipped  to  a  firm  on  South  Water  street,  Chicago,  where  Mr.  F.  M. 
Woodruff  obtained  it,  and  it  is  now  in  his  collection.  He  obtained  the 
information  given  above  from  the  Postmaster  at  Foresman,  Ind..  and 
kindly  sent  it  to  me. 
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The  "Bulletin",  of  the  Michigan  Ornithological  Club,  January.  1897, 
p.  10,  refers  to  a  Murre  identified  as  Ui'ia  troile,  which  Mr.  N.  A.  Wood 
informs  me  is  shown  by  re-examination  to  l^  Uria  lomvia.  The  specimen 
is  an  adult  male  and  was  shot  from  a  flocl^  of  several  near  Gibraltar, 
Mich.,  Dec.  26,  1896,  by  some  duck  hunters.  The  specimen  is,  I  under- 
stand, in  the  museum  of  the  University  of  Michigan  at  Ann  Arbor.  In 
the  same  publication,  on  page  8,  is  a  reference  to  two  "Black  Guillemots" 
taken  at  the  St.  Clair  Flats,  near  Detroit,  Mich.  From  a  letter  received 
from  Mr.  W.  A.  Davidson,  Detroit,  Mich.,  I  gather  that  one  of  the  two 
birds  noted  is  in  the  possession  of  Mr.  C.  Havens,  of  that  city.  The  other 
belongs  to  a  lighthouse  keeper,  whose  name  he  does  not  know,  at  the  St. 
Clair  Flats.  Evidently  both  specimens  are  Uri<i  lomvia.  It  is  possible  a 
careful  examination  of  the  specimens  will  show  that  these  also  belong 
to  this  species.  They  were  all  taken  within  a  few  days.  Only  twenty-one 
days  elapsed  from  the  date  when  the  first  was  obtained  until  the  last 
was  in  the  hands  of  a  naturalist.  This  is  its  first  record  from  Indiana, 
except  that  reported  by  Mr.  Warner,  which,  unfortunately,  is  not  verified 
by  the  specimen.  It  will  be  of  interest  to  hear  of  other  records  of  the 
occurrence  of  this  species  inland.  It  will  be  noted  that  there  is  a  speci- 
men preserved  in  a  public  museum  iu  Indiana  and  in  Michigan  to  verify 
the  records  from  those  States. 


Notes  on  the  Birds  Observed  in  the  Vicinity  of  Richmond,  Wayne 

County,  Indiana.     By  Alden  IL  IIadley. 

The  following  is  a  list  of  the  birds  observed  in  the  vicinity  of  Richmond, 
Wayne  County,  Indiana,  together  with  some  brief  notes  relative  to  tlieir  distribu- 
tion, abundance  and  migrations.  It  is  not  to  be  supposed  that  this  list  is  com- 
plete, though  I  believe  it  represents  as  many  species  as  can  ordinarily  be  observed 
in' the  course  of  one  year,  including  especially  the  fall  and  spring  migrations. 

There  are  obviously  many  species  which  are  comparatively  rare  in  any  given 
locality,  and  it  is  on  this  account  that  the  necessity  arites  for  observations  ex- 
tending over  a  period  of  several  years  before  a  complete  catalogue  can  be  obtained. 

Again,  every  ornithologist  has  ol>served  that  a  certain  bird  hitherto  unre- 
ported and  considered  as  rare  may  suddenly  become  quite  common  and  then 
disappear  as  mysteriously  as  it  came.  Such  facts  combine  to  increase  the  diffi- 
culty of  ever  obtaining  a  list  of  all  the  birds  which  may,  at  some  time  or  other. 
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pass  through  a  given  locality.  The  difficulty  is  further  heightened  when  it  is 
remembered  that  some  of  the  migratory  birds  pass  by  us  without  so  much  as 
lighting,  and  in  the  night-time  at  that. 

While  speaking  of  migrations,  it  might  here  be  noted  that  some  of  those 
species  which  are  comparatively  uncommon  or  rare  during  the  fall  migrations  are 
•common  or  abundant  during  the  spring  migrations,  and  vice  versa.  To  my  knowl- 
•edge  a  satisfactory  explanation  of  this  has  never  been  given,  though  it  would 
seem  probable,  amongst  those  species  where  this  is  true,  that  there  is  a  difference 
between  the  lines  of  migration  pursued  by  the  fall  migrants  and  those  of  spring. 

Again  there  are  other  species  which  are  sometimes  resident  and  sometimes 
migratory,  being  swayed  back  and  forth  by  extremes  of  temperature.  AJso  those 
species  some  individuals  of  which  are  always  resident  and  some  always  migratory. 
But  these  facts  will  be  duly  exemplified  in  the  list  which  is  now  submitted. 

1.     PodUymbvs  podiceps  {hiun.)     Pied-billed  Grebe. 
Found  occasionally  on  our  streams  and  ponds. 

"2.      Urinalar  imber  (Qunn.)     Loon. 

Sometimes  observed  during  migrations.  One  was  killed  on  the  reservoir,  east 
of  Richmond,  on  April  8,  1897. 

3.  Hydntchdidon  nigra  surinamensin  (Gmel.)     Black  Tern. 

During  the  heavy  freshet  of  last  summer  (1896)  a  flock  of  these  birds  was 
observed  in  the  neighborhood  of  Thistlewaithe's  pond,  north  of  Richmond. 

4.  Anaa  boaehcLs  (Linn.)     Mallard,  **  Wild  Duck.'* 

Common  during  the  migrations,  when  flocks  of  them  frequently  settle  down 
for  several  days. 

5.  Anas  dii<eor8  (hmn.)     Blue- winged  Teal. 
A  moderately  common  migrant. 

6.  Branta  caTiadensU  (Linn.)     Canada  Goose. 

A  common  migrant;  arrives  generally  about  the  first  of  March  and  begins  to 
pass  through  on  its  southward  flight  during  the  latter  week  in  October. 

7.  Botaurus  lentiffinosus  (MoniBg.)    American  Bittern. 

A  by  no  means  common  bird  in  this  vicinity,  but  often  found  during  the 
migrations. 

8.  Ardca  herodias  (Linn.)     Great  Blue  Heron. 

A  rather  uncommon  bird  in  this  locality  and  I  have  yet  to  find  it  breeding. 

9.  Ardea  candidiatnma  (Gme\.)     Snowy  Heron. 

Stragglers  are  occasionally  noted.     One  this  spring  (1897)  on  April  27. 
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10.  Ardea  vireaeens  (hinn,)    Green  Heron.  ' 

An  abundant  summer  resident;  arrives  about  April  15  and  begins  to  nest  in 
the  earlj  part  of  May. 

1 1 .  Porzajia  Carolina  ( Lin n . )     Sor a. 

I  have  observed  two  individuals  of  this  species  here,  on  April  11  and  20.  It 
is  probable,  however,  that  it  may  have  been  the  same  individual,  as  the  second 
one  seen  was  observed  at  the  same  spot  where  the  first  had  been  seen. 

12.  Philohela  minor  (Gmel.)     American  Woodcock. 

Not  very  common,  but  occasionally  noted  during  the  migrations. 

13.  Qallina go  delieata  {Or ji,)     Wilson's  Snipe. 

A  rather  common  migrant ;  arrives  during  the  latter  part  of  March. 

14.  Tetanus  solUariua  (V^ila,)     Solitary  Sandpiper. 

A  moderately  common  bird  during  the  migrations;  arrives  generally  during 
the  latter  part  of  April. 

15.  Actitia  maeularia  (Linn.)     Spotted  Sandpiper. 

A  common  summer  resident.  Especially  abundant  during  the  latter  part  of 
the  summer  and  early  fall,  at  which  time  those  mostly  seen  are  birds  of  the  year. 

16.  .^Jgialiiia  voeifera  (Linn.)     Killdeer. 

A  common  summer  resident,  arriving  very  early  in  the  spring,  generally 
about  the  first  of  March. 

17.  CUinua  virginianus  (hinu.)     Bobwhite. 

A  moderately  common  resident,  though  growing  alarmingly  scarce  for  the 
last  year  or  two,  and  it  would  seem  inevitable  that  unless  legislation  shall  provide 
other  measures  for  its  protection  it  will  ere  long  become  well  nigh  extirpated  ia 
many  localities. 

18.  Zenaidura  macroura  (Linn.)     Mourning  Dove. 
An  abundant  bird  and  irregularly  migratory. 

19.  Cb/Aar^  aura  (Linn.)     Turkey  Vulture. 

An  abundant  bird;  irregularly  retiring  southward  on  the  approach  of  winter 
and  reappearing  about  the  middle  of  March. 

20.  Aceipitei' veloz  (V^ils.)     Sharp-shinned  Hawk. 

A  moderately  common  hawk,  and  one  of  the  few  that  are  an  unmitigated 
naisance,  preying  almost  exclusively  upon  birds  and  poultry. 

21.  Aeeipiter  eooperi  (Bonap.)     Cooper's  Hawk. 
A  moderately  common  hawk  in  this  vicinity. 
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22.  BuUo  borealis  (Gmel,)     Red- tailed  Hawk. 

Moderately  common,  though  never  abundant.  The  hawk  most  frequently, 
and  very  often  falsely,  accredited  with  all  the  barnyard  depredations. 

23.  Ilalicpetus  leucocephalus  (Linn.)     Bald  Eagle. 
Occasionally  reported  as  passing  through. 

24.  Faleo  sparveritu^  (Linn.)     American  Sparrow  Hawk. 
An  abundant  hawk. 

25.  Pandion  hcUiaUus  earolinensis  (Gmel.)     Osprey. 

Occurring  casually  along  the  White  Water,  though  I  have  no  record  of  it 
breeding. 
:26.     Symium  nebviosum  (Font.)     Barred  Owl. 

A  moderately  common,  or  rather  uncommon,  resident. 

27.     Me^oRcopa  asio  {hinn.)     Screech  Owl. 
An  abundant  owl.     Resident. 

:28.     Bilbo  virginianus  (Gmel.)     Great-horned  Owl. 
A  tolerably  common  resident. 

29.  Nyctea  nyctea  (Linn.)     Snowy  Owl. 
Occasionally  straggling  down  during  winter. 

30.  Coecyzm  americami^  (Linn.)     Yellow-billed  Cuckoo. 

A  remarkably  abundant  bird  in  this  vicinity ;  more  abundant,  I  believe,  than 
I  have  ever  observed  it  elsewhere.  Arrives  usually  during  the  first  week  in  May 
and  becomes  common  about  a  week  after  the  first  migrants  have  put  in  their 
appearance. 

3L     CtryU  alcyon  (lAnn.)     Belted  Kingfisher. 

An  abundant  bird  along  all  our  creeks  and  brooks,  and  only  forced  south- 
ward by  their  freezing  over.  I  had  thought  that  during  the  past  winter  (1896-97), 
when  the  temperature  went  down  as  low  as  18  or  20  degrees  below  zero,  they  cer- 
tainly had  all  left  our  streams  and  retired  to  the  South.  I  was,  however,  informed 
by  a  boy  who  works  near  a  mill  race  that  during  the  coldest  days,  when  the  river 
was  frozen  over  to  a  thickness  of  several  inches,  he  observed  a  pair  of  these  birds 
which  frequented  the  mill  race  to  avail  themselves  of  the  Hood  of  water  which  at 
regular  intervals  was  turned  into  the  race  from  the  ice-bound  river,  by  this  means 
being  enabled  to  obtain  at  least  enough  of  their  finny  prey  to  furnish  them  with 
a  tolerable  subsistence.  An  instance  of  this  kind  has  never  come  under  my 
notice  before,  though  I  doubt  not  that  ^1/ryon  often  avails  himself  of  such  agencies 
when  stern  nature  would  have  ordered  him  otherwise. 
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32.  Dryobates  villosus  {lAnn,)     Hairy  Woodpecker. 
A  common  resident. 

33.  Dryobates  pubescens  (Linn.)     Downy  Woodpecker. 
An  abundant  resident. 

34.  Spkyropicua  iniriua  (Linn.)     Yellow-bellied  Sapsncker. 

A  moderately  common  migrant.  Not  known  to  breed.  Was  first  noted  this 
spring  on  April  7,  and  was  first  noted  during  fall  migrations  on  September  26. 

35.  Melanerpes  erylhrocephcUua  (Linn.)     Red-headed  Woodpecker. 

An  exceedingly  abundant  bird  and  irregularly  migratory.  In  years  when 
beechnuts  are  unusually  abundant  I  have  found  the  woods  literally  alive  with 
these  birds  as  late  as  the  last  week  in  December.  Then  upon  the  advent  of  pro- 
longed spells  of  severe  weather,  they  retreat  southward,  and  again  put  in  their 
appearance  a  few  days  after  the  middle  of  April. 

36.  Melanerpes  carofiniis  (Linn.)     Red-bellied  Woodpecker. 

A  by  no  means  abundant,  though  a  tolerably  evenly  distributed,  resident. 

37.  Calaptes  auraius  (lAnn.)     Flicker. 

An  abundant  bird ;  mostly  migratory.  Unlike  other  woodpeckers,  it  is  fast 
becoming  a  ground-feeding  bird  and  losing  some  of  the  typical  picarian  char- 
acters. 

38.  Astrosiomus  vocifemiLt  (Wils.)     Whippoorwill. 

A  moderately  common,  or  rather  uncommon,  summer  resident. 

39.  Chordciles  virf/inianus  (Gmel.)     Night-Hawk. 

A  common  summer  resident ;  arrives  about  May  20.  Most  noticeably  abund^ 
ant,  however,  toward  the  latter  part  of  the  summer  and  early  fall,  when  large 
flocks  of  them  may  be  seen  of  afternoons  performing  their  wonderful  aerial 
evolutions. 

40.  ChcHura  pelagiea  (Linn.)     Chimney  Swift. 

An  abundant  summer  resident;  arrives  about  April  12  and  departs  southward 
in  early  fall. 

41.  Trochilus  cdubris  (Linn.)     Ruby-throated  Humming-bird. 

A  common  summer  resident;  arrives  during  the  first  week  in  May. 

42.  Tyrannus  tyrannm  (Linn. )     King-bird. 

An  abundant  summer  resident ;  usually  puts  in  its  appearance  about  April  24. 

43.  Sayomis  phtrbe  (Lath.)     Phwbe. 

A  common  summer  resident;  arrives  daring  the  last  week  in  March. 
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44.  Contopua  viretM  (Linn.)     Wood-pewee. 

An  abundant  summer  resident;  arrives  usually  during  the  last  week  in  April, 
and  I  have  last  noted  it  on  October  8. 

45.  EmpidoTiax  Aaviventru  (Baird.)     Yellow-bellied  Flycatcher. 
A  moderately  common  migrant. 

46.  Empidonax  minimus  (Baird.)     Least  Flycatcher. 

An  abundant  migrant.     Was  first  noted  this  spring  (1897)  on  April  22. 

47.  Myiarehus  crinitus  (lAnn,)     Crested  Flycatcher. 

An  abundant  summer  resident;  usually  arrives  about  the  same  time  as  mini- 
mus.    First  noted  this  season  on  April  24. 

48.  Oetocoria  alpeslris  (Linn.)     Horned  Lark. 

An  abundant  winter  resident ;  first  flocks  generally  arrive  during  the  latter 
part  of  November,  and  ^11  have  retreated  northward  by  the  middle  of  February, 
seldom  later. 

49.  Cyanoeitta  cristata  (Linn.)     Blue  Jay. 
An  abundant  resident. 

50.  Corvus  amerieanus  (And.)     American  Grow. 
An  abundant  resident;  nests  early  in  April. 

51.  Doliehonyx  oryztvorus  (lAnn.)     Bobolink. 

A  casual  summer  resident.  During  the  summer  of  1897  as  many  as  eight  or 
ten  pairs  were  noted.  It  seems  to  be  quite  local  in  its  breeding  habits  here.  The 
majority  of  those  seen  were  found  in  a  meadow  about  three  miles  northeast  of 
Richmond. 

52.  3f olothrus  aier  (Bod<\.)     Cowbird. 

An  abundant  summer  resident,  arriving  as  early  as  March  26,  though  not 
becoming  common  until  later. 

53.  Agelaius  phtmieeus  (Linn.)     Red  winged  Blackbird. 

An  abundant  summer  resident.  I  have  first  noted  it  as  early  as  March  10, 
and  have  last  noted  it  in  the  fall  as  late  as  October  30.  Breeds  in  the  various 
small  marshy  meadows  and  around  the  ponds  in  the  vicinity  of  Richmond. 

54.  Stumella  rAagna  (hinn.)     Meadow  Lark. 

An  abundant  summer  resident,  arriving  early  and  staying  late.  This  season 
I  first  observed  them  on  February  16. 

55.  Icterus  ipuriuB  (Linn.)     Orchard  Oriole. 

A  moderately  common  bird  during  the  breeding  season,  building  its  nest  of 
dried  grass  intricately  interwoven.  Arrives  during  the  latter  part  of  April.  Re- 
tires southward  during  the  last  of  August. 
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56.  Icterus  galhvla  (Linn.)     Baltimore  Oriole. 

A  common  summer  resident,  arriving  this  spring  (1897)  on  the  24th  of  April. 
A  pair  nests  each  season  on  the  campus  of  Earlham  College. 

57.  Quiacalus  quiscula  omens  (Ridgw.)     Bronzed  Grackle. 

A  verj  abundant  summer  resident,  arriving  as  early  as  February  21. 

58.  Carpodacus  purpureus  (Gmel.)     Purple  Finch. 

A  common  migrant;  rather  spasmodicallv  abundant,  but  usually  more 
numerous  during  the  spring  migrations.  Arrives  during  the  spring  migrations 
about  March  20,  and  the  last  flocks  have  usually  disappeared  northward  by  April 
11.  I  have  first  seen  it  on  October  22  during  the  fall  migrations.  Comparativeiy 
few  birds  are  seen  with  the  typical  male  plumage  which,  as  Burroughs  says,  gives 
the  bird  the  appearance  of  having  been  dipped  in  pokeberry  juice.  I  have  found 
the  Purple  Finch  wintering  very  abundantly  in  North  Carolina.  They  preferably 
seek  a  country  clothed  in  cedars  and  conifers. 

59.  Spiniia  tristis  (Linn.)     American  Gold-finch. 

A  comnjon  and  irregularly  migratory  bird.     Nests  late  in  summer. 

60.  Spinus  pinus  (Wils.)     Pine  Siskin. 

An  abundant  migrant.  Much  more  abundant  during  spring  than  during  fall 
migrations.  Last  fall  ('9^)  I  only  noted  one  individual,  while  during  the  follow- 
ing spring  it  was  remarkably  abundant^  appearing  about  March  20  and  not  entirely 
disappearing  northward  until  May  17. 

61.  Pooco'teB  fframineits  (Gmel.)     Vesper  Sparrow. 

A  common  summer  resident ;  arrives  about  March  16,  becoming  common  a 
week  later,  when  their  songs  may  be  heard  in  the  fields  and  along  the  hedges. 

62.  Ammodramtts  sandwichensia  savanna  (Wils.)     Savanna  Sparrow. 

I  have  only  observed  two  individuals  of  this  species  here,  one  on  March  26 
and  the  other  on  April  29.     It  is  by  no  means  a  common  bird  here. 

63.  Chondesles  fframmacus  (i^SLy.)     Lark  Sparrow. 

An  uncommon  bird  in  this  vicinity,  its  regular  range  being  farther  to  the 
westward,  and  it  being  rather  a  bird  of  the  prairies.  During  the  spring  of  1897 
I  observed  two  birds  of  this  species,  on  April  30  and  May  13. 

64.  Zonotrickia  leucophrya  (Forst.)     White-crowned  Sparrow. 

An  abundant  migrant,  arriving  later  in  the  spring  than  alhicoUis.  Was  first 
observed  this  season  on  April  30  and  had  vanished  northward  by  May  16. 
During  fall  migrations  I  have  first  noted  it  on  October  15. 
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65.  Zonotrichia  (lUncoUia  (Qmel.)     White-throated  Sparrow. 

Ad  abundant  migrant,  arriving  about  April  15  and  disappearing  northward 
about  the  same  time  as  Leueophrys,  First  arrives  during  fall  migrations  about 
Oct.  8  and  vanishes  southward  bj  the  middle  of  November. 

66.  Spizella  montieola  (Gmel.)     Tree  Sparrow. 

An  abundant  winter  resident;  arrives  about  November  1  and  disappears 
northward  again  by  the  last  of  March. 

67.  Spizelia  socialvi  (YfiU,)     Chipping  Sparrow. 

A  common  summer  resident ;  arrives  about  April  1st. 

68.  Spizella  pumlla  (^yi\8,)     Field  Sparrow. 

A  common  summer  resident;  was  first  seen  this  spring  on  March  26th. 

69.  Junco  hyemalii  (Linn.)     Slate-colored  Junco. 

An  abundant  winter  resident;  arrives  towards  the  latter  part  of  September. 
All  have  vanished  northward  by  the  26th  of  April,  or  thereabouts. 

70.  Mtlo»pka  fagciata  {Qmel.)     Song  Sparrow. 

A  common  resident  and  one  of  the  few  birds  whose  song  may  be  heard 
almost  every  month  in  the  year. 

71.  Melo^piza  gtorgiana  (LtX\L.)     Swamp  Sparrow. 

A  common  though  not  abundant  migrant;  arrives  about  the  middle  of  April 
and  all  have  passed  northward  by  about  May  5.  I  have  first  noted  it  during 
the  fall  migrations  on  October  15. 

72.  Piuscrella  iliaea  (Merr.)     Fox  Sparrow. 

An  abundant  migrant  and  the  largest  of  the  sparrows;  arrives  about  March 
26th  and  vanishes  northward  by  the  middle  of  April.  I  have  first  observed  it 
during  the  fall  migrations  on  October  8,  and  last  on  October  30. 

78.     Pipilo  erythropthalmus  (hinn.)     Tohwee. 
A  common  resident. 

74.  CardinalU  cardiTialia  (lAun,)     ''ardinal. 
A  common  resident. 

75.  ITabiu  ludoviciana  (Linn.)     Kose-breasted  Grosbeak. 

A  moderately  common  or  rather  uncommon  migrant;  have  only  observed  it 
during  the  spring  migrations.  First  observed  it  on  April  26  and  last  saw  it  on 
May  10.     Probably  not  more  than  10  individuals  in  all. 

76.  Pass^rina  eyanea  (Linn.)     Indigo  Bunting. 

An  abundant  summer  resident;  put  in  its  appearance  this  spring  on  April  25. 
Disappears  southward  during  the  latter  part  of  September. 
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77.  Spiza  americana  (Gme\.)     Dickcissel. 

A  common  summer  resident,  nesting  in  the  meadows.  Arrives  during  the 
first  week  in  May. 

78.  Piranga  erytkromelas  (yieill.)     Scarlet  Tanager. 

A  common  bird  during  the  spring  migrations ;  was  first  observed  this  season 
on  April  23  and  had  disappeared  northward  hy  the  10th  of  May.  The  males  and 
females  consort  together  throughout  the  migrations. 

79.  Progne  sHhM  (hinn.)     Purple  Martin. 

An  abundant  summer  resident,  arriving  about  the  last  week  in  March  and 
becoming  common  a  week  later. 

80.  Pttrachelidon  lunifrons  (Say.)     Cliff  Swallow. 
A  common  summer  resident. 

81.  Chflidon  erythrogagter  (Bodd.)     Barn  Swallow. 

An  abundant  summer  resident;  was  first  noted  this  season  on  April  22. 

82.  Cliincola  riparia  (L.\un.)     Cliff  Swallow. 

A  very  uncommon,  or  scarce,  summer  resident  in  the  immediate  vicinity  of 
Richmond. 

83.  Ampelis  cedrorum  (Y\ei\l.)     Cedar  Waxwing. 

An  abundant  and  irregularly  migratory  bird,  and  gregarious.  Probably 
resident  some  years.  A  bird  that  wanders  widely  about,  largely  according  to  food 
supply.  It  is,  however,  probably  most  abundant  during  spring  and  fall.  It  nests 
rather  late  in  summer. 

84.  Lanitu  borealU  (yieiW.)     Northern  Shrike. 
A  casual  winter  resident. 

85.  Lanius  ludoviciantis  (Linn.)     Loggerhead  Shrike. 

A  rather  uncommon  summer  resident.  I  first  noted  it  this  season  on  March 
22.  Those  specimens  which  I  have  taken  here  seem  to  more  nearly  grade  into 
ludovieianus  than  into  excvbiiondes, 

86.  Vireo  olivaceus  ( Linn. )     Red-eyed  Vireo. 

An  abundant  summer  resident,  arriving  during  the  latter  part  of  April.  It 
disappears  in  the  fall  by  the  middle  of  September.  It  is  an  untiring  songster, 
and  one  of  the  few  birds  whose  warblings  may  be  heard  in  the  woodland  during 
the  heat  of  noonday. 

87.  Vireo  gilms  (Vieill.)     Warbling  Vireo. 

An  abundant  summer  resident  and  an  untiring  songster,  singing  from  the 
time  of  its  arrival  in  the  spring  until  the  first  weeks  of  September.  I  first  noted 
it  this  season  on  April  22. 
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88.      Vireo  jlavifrona  (Vieill.)     Yellow-throated  Vireo. 

A  moderately  common  bird  for  the  space  of  a  few  days  during  the  spring- 
migrations.  I  have  failed  to  observe  it  during  the  fall  migrations.  It  is  also 
probable  that  some  individuals  of  this  species  may  nest  here.  I  have  taken  a 
male  on  June  26  and  have  failed  to  note  any  more  from  that  time  until  the  follow- 
ing spring.  It  arrives  during  the  spring  migrations  about  the  same  time  as  gilvuf 
and  I  failed  to  observe  any  this  season  later  than  April  24.  It  is  a  large,  stoutly 
built  bird  for  a  vireo. 

89."     Vireo  solUaHus  (Vf\\%.)     Blue-headed  Vireo. 

A  rather  uncommon  migrant.  During  the  spring  of  1897  I  observed  but  two- 
individuals;  on  April  26  and  30.  During  the  preceding  fall  migrations  I  took 
one  specimen  on  September  25. 

90.  Vireo  noveborcLcensis  (Gmel.)     White-eyed  Vireo. 

I  have  only  taken  one  specimen  here,  and  that  on  August  4. 

91.  MniolUta  varia  (Linn.)     Black  and  White  Warbler. 

An  abundant  migrant.  Was  first  observed  this  season  on  April  17,  though 
not  becoming  common  until  the  last  of  April  and  disappearing  northward  by 
May  16.  During  the  fall  migrations  I  have  first  noted  it  on  September  12  and 
last  on  September  26. 

92.  Helminthophila  pinu8  (Linn.)     Blue-winged  Warbler. 

A  rather  rare  migrant.  I  observed  but  one  specimen  during  the  spring  of 
1897  and  it  was  taken  on  April  24.  During  the  preceding  fall  1  took  but  one 
specimen,  and  that  onf  September  28. 

93.  Helminthophila  chrysoptisra  (Linn.)     Golden-winged  Warbler. 

Another  rare  migrant.  I  noted  but  two  this  spring.  Both  were  seen  on 
April  22. 

94.  ITelminthophiUi  ruficapiUa  (Wils.)     Nashville  W^arbler. 

A  very  abundant  warbler  during  the  spring  migrations.  I  have  first  noted  it 
on  April  24  and  last  saw  it  on  May  10.  This  is  a  warbler  which  preferably  keeps 
to  the  tall  timber  and  is  more  difficult  of  identification  on  that  account. 

96.     Helminthophila  ceUUa  (Say.)     Orange-crowned  Warbler. 

A  rather  rare  migrant.  But  two  were  seen  during  the  spring  of  181^7.  (>i> 
Mav  I  and  4. 

96.     Helminthophila  peregrina  (\yi\».)     Tennessee  W^arbler. 

An  abundant  fall  migrant,  appearing  during  the  first  of  September  and 
vanishing  southward  by  the  last  of  the  same  month.  The  flight  and  habits  of 
this  species  are  very  similar  to  i^ficapiltd. 
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97.  Dtndroica  tigrina  (Gniel.)     Cape  May  Warbler. 

A  very  rare  migrant.     I  have  noted  one  on  September  30. 

98.  Dendroica  (^Miva  (Gmel. )     Summer  Warbler. 

A  common  summer  resident;  arrives  about  the  20th  of  April  and  becomes 
quite  common  a  few  days  later.     Disappears  southward  in  early  fall. 

99.  Dendroica  cttnUescens  (Gmel.)     Black-throated  Blue  Warbler. 

A  common  spring  migrant,  but  rather  scarce  during  fall  migrations.  Arrives 
during  first  week  in  May  and  disappears  northward  by  about  May  10.  Hence  it 
lingers  for  a  much  less  length  of  time  than  some  of  the  warblers  which  may  be 
found  from  almost  the  middle  of  April  until  the  middle  of  May.  One  of  the 
later  warblers  to  arrive  during  the  fall  migrations. 

100.  Dendroica  coronatat  (Linn.)     Myrtle  Warbler. 

An  abundant  migrant.  One  of  the  latest  to  arrive  in  fall  and  one  of  the 
earliest  in  spring.  I  have  first  noted  it  in  the  fall  on  September  26  and  first 
during  the  spring  migrations  on  April  22.  \  have  found  this  bird  wintering  very 
abundantly  both  in  North  Carolina  and  Florida,  and  in  the  first-mentioned  State 
it  apparently  seemed  little  discommoded  by  the  deep  snows  which  were  of  fre- 
quent occurance  during  that  winter. 

101.  Dendroica  vtiaculosa  {Gme\.)     Magnolia  Warbler. 

One  of  the  most  abundant  of  any  of  the  warblers  during  the  migrations  and 
about  equally  abundant  during  each  of  the  migrations.  It  is,  too,  one  of  the 
later  warblers  to  arrive  in  the  spring.  I  have  first  noted  it  on  May  8  and  last  on 
May  16.  During  the  fall  migrations  it  puts  in  its  appearance  about  September  6 
with  a  number  of  other  warblers,  such  as  the  Black- throated  Green,  the  Black- 
bumian,  the  Tennessee,  the  Redstart  and  the  Chestnut-sided.  I  have  last  observed 
it  on  October  3,  though  quite  a  time  before  this  the  majority  of  them  have  de- 
parted southward. 

102.  Dendroica  pemnylvanica  (Linn.)     Chestnut-sided  Warbler. 

A  common  migrant ;  more  abundant  during  the  spring  than  during  the  fall 
migrations.  Arrives  about  May  6  or  7,  and  vanishes  northward  by  May  16.  In 
the  fall  migrations  it  arrives  during  the  first  week  in  September. 

103.  Dendroica  castat^ea  (Wills.)     Bay-breasted  Warbler. 

A  rather  uncommpn  migrant;  more  frequently  to  be  observed  during  spring 
migrations,  when  it  arrives  during  the  first  week  in  May.  I  have  first  noted  it 
in  the  fall  on  September  12. 

13— Science. 
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104.  Dendroiea  tttriaia  (Font.)     Black-poll  Warbler. 

This  is  the  bird  which  brings  up  the  rear  guard  of  the  great  army  of  warblers 
during  their  north  ward,  flighty  and  was  first  seen  this  spring  on  May  19,  being 
quite  common  for  a  few  days  and  then  disappearing.  It  prefers  the  tops  of  the 
taller  trees,  and  may  be  seen  slipping  along  the  branches  much  after  the  fashion 
of  the  Black  and  White  Creeper,  and  occasionally  uttering  its  rather  weak  note, 
which  somewhat  resembles  that  of  the  Chipping  Sparrow,  and  is  very  deceptive 
as  to  telling  the  whereabouts  of  the  bird. 

105.  Dendroiea  blaekbumuE  (GmeL)     Blackburnian  Warbler. 

An  abundant  migrant.  I  have  first  noted  it  on  April  22,  though  it  does  not 
become  common  until  during  the  first  week  in  May,  and  I  have  last  seen  it  on 
May  19.  The  females  do  not  become  common  until  towards  the  middle  of  May. 
During  the  fall  migrations  it  arrives  about  the  6th  of  September,  and  I  have  ob- 
served it  as  late  as  October  13. 

106.  Dendroiea  virens  (Gmel.)     Black-throated  Green  Warbler. 

An  abundant  migrant,  its  migration  schedule  conforming  to  that  of  blaek- 
bumioij  though  perhaps  more  individuals  of  blaekbiimi(E  linger  later  during  the 
spring  migrations  than  does  virens;  and  this  may  also  be  true  of  the  fall  migra- 
tions. The  larger  number  of  these  birds  which  one  sees  during  the  fall  migrations, 
being  birds  of  the  year,  have  not  yet  attained  to  the  exquisite  loveliness  of  the 
adult  males,  and  even  the  adult  males  lack  to  a  great  extent  the  beauty  of  plumage 
which  characterizes  them  during  the  spring  migrations.  The  black  of  the  throat 
is  partially  concealed  (especially  in  the  case  of  birds  of  the  year)  by  an  intermix- 
ture of  white,  which  gives  the  whole  throat  and  fore  parts  a  grayish  cast. 

107.  Dendroiea  vigorsii  (And.)     Pine  Warbler. 

A  rare  migrant.  Two  were  noted  during  the  spring  of  1897,  on  April  25 
and  26. 

108.  Dendroiea  paltnanim  (Gmel.)     Palm  Warbler. 

A  moderately  common,  or  rather  uncommon,  migrant;  more  frequently  to 
be  observed  during  the  spring  migrations.  Was  first  seen  this  season  on  April  22 
and  last  seen  on  May  16.  During  the  fall  migrations  it  may  be  looked  for  during 
the  last  of  September  or  first  of  October. 

109.  Seiurua  auroeapillus  (Linn.)     Oven  Bird. 

A  common  migrant;  has  not  been  found  to  breed.  Arrives  during  the  first 
week  in  May.     During  the  fall  migrations  I  have  first  observed  it  on  September  7. 
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110.  Seiur m  montaeilla  (Wieili.)     Water  Thrush. 

A  moderately  common  migrant;  arrives  during  fii^t  week  in  May.  I  have 
taken  a  female  on  July  25,  and  it  possibly  may  be  found  to  breed  here. 

111.  Geothlypis  trichas  (Linn.)     Maryland  Yellow-throat. 

A  common  summer  resident,  making  the  thickets  and  brakes  resound  with 
its  lively  notes.  Arrives  about  April  24  and  retires  again  southward  by  the 
middle  or  latter  part  of  September. 

112.  Icteria  virem  (Linn.)     Yellow-breasted  Chat. 

A  common  summer  resident;  usually  arrives  during  the  first  week  in  May. 

113.  Sylvanm puRilla  (W lis.)     Wilson's  Warbler. 

A  rather  uncommon  spring  migrant.  I  have  first  noted  it  on  May  16,  at  the 
same  time  with  canadensinf  when  a  few  days  later  both  species  disappeared  north- 
ward. Neither  of  these  two  species  were  "common,"  though,  during  the  few  days 
that  seemed  to  constitute  their  time  for  passing  through,  careful  searching  never 
failed  to  reveal  two  or  three  individuals  of  each  species  on  each  day  that  search 
was  made. 

114.  Sylvania  cajiadensM  (lAnn.)     Canadian  Warbler. 

A  rather  uncommon  spring  migrant  (I  have  yet  to  note  either  canadensis  or 
pusdla  during  the  fall  migrations),  conforming  as  regards  its  abundance  and  mi- 
gration habits  in  all  respects  to  pusiUa, 

115.  Sftophaga  rutwilla  (Linn.)     American  Redstart. 

An  abundant  migrant ;  has  been  first  noted  on  April  15,  though  not  becoming 
common  until  the  latter  part  of  the  month,  and  I  have  last  seen  it  on  May  19.  I 
have  taken  a  female  on  July  22,  though  this  is  quite  unusual.  During  the  fall 
migrations  it  arrives  during  the  first  week  in  September,  and  I  have  last  noted  it 
on  September  26. 

116.  Antkus pensUvanicus  (Lath.)     American  Pipit. 

An  abundant  migrant;  especially  during  the  spring  migrations,  when  I  have 
first  noted  it  on  April  22,  and  last  on  May  4.  It  passes  over  in  large  straggling 
flocks,  which  occasionally  light  in  the  plowed  fields  or  pastures.  Its  note  is  quer- 
ulous and  flight  undulatory. 

117.  Oaleoscoptes  carolinensh  (hinu.)     Catbird. 

An  abundant  summer  resident;  arrived  this  sea- on  on  April  24. 

118.  Harporhynchus  mfus  (Linn.)     Brown  Trasher. 

An  abundant  summer  resident;  first  observed  this  season  on  March  30,  though 
not  becoming  common  for  a  week  or  two  later. 
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119.  Thryoihorua  bewickii  (Kud,)     Bewicks  Wren. 

A  rather  uncommon  or  rare  bird  in  this  locality  and  I  have  yet  to  find  it 
breeding.  I  first  noted  it  this  spring  on  April  15,  and  observed  three  or  four 
more  individuals  within  the  next  two  weeks  and  have  seen  no  others  since. 

120.  Troglodytts  aecUm  (Vieill.)     House  Wren. 

A  common,  though  not  abundant  summer  resident,  arriving  this  season  on 
AprU  19. 

121.  Troglodytes  hyenudis  (Vieill.)     Winter  Wren. 

A  rather  uncommon  winter  resident;  arrives  during  the  latter  part  of  Sep- 
tember and  perhaps  most  individuals  retire  somewhat  farther  to  the  south.  I 
have  taken  one  specimen  as  late  in  the  spring  as  May  5. 

122.  Oiatothorus  palustris  (Wils.)     Long-billed  Marsh  Wren. 

I  have  observed  but  one  individual  of  this  species  here,  and  it  was  taken  on 
May  17. 

123.  Certhia  famUiaris  americana  (Bo nap.)     Brown  Oeeper. 

An  abundant  migrant,  and  probably  some  individuals  as  winter  residents.  1 
have  first  noted  them,  during  the  fall  migrations,  on  September  19.  It  is  common 
from  that  time  until  the  Christmas  holidays,  and  if  the  winter  is  unusually  **  open  *' 
it  may  be  seen  at  intervals  throughout  the  entire  winter.  It,  however,  begins  to 
be  again  common  by  the  latter  part  of  March  and  disappears  northward  by  about 
April  20. 

124.  Sitta  carolinerms  (Lath.)     White-breasted  Nuthatch. 
A  common  resident. 

125.  Sitta  canaderms  (Linu.)     Bed-breasted  Nuthatch. 

A  common  bird  during  late  fall  and  early  winter,  with  some  individuals, 
probably,  as  winter  residents.  I  have  found  it  quite  abundant  during  the  latter 
part  of  December.  Then,  during  a  month  or  so  of  severe  weather,  they  appar- 
ently nearly  all  retreat  southward.     I  have  last  noted  it  in  spring  on  May  3. 

126.  Pants  bicolor  (Linn.)     Tufted  Titmouse. 
A  common  resident. 

127.  Parus  atricapillus  (Linn.)     Chickadee. 

A  common  resident,  though  not  as  abundant  as  bicolor. 

128.  Begulus  satrapa  (Licht.)     Golden-crowned  Kinglet. 

A  very  abundant  bird  during  fall  and  early  winter,  when  for  the  most  part 
it  then  retires  to  the  southward,  though  it  may  sometimes  be  a  winter  resident. 
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It  does  Dot  become  common  in  spring  until  in  the  latter  part  of  March  or  first  of 
April,  and  all  have  retired  northward  bj  the  end  of  April.  During  the  fall 
migrations  I  have  first  observed  it  on  September  25. 

129.  Regrdu»  caUndvla  (lAxiXi,)     Ruby-crowned  Kinglet. 

An  abundant  migrant,  though  hardly  so  numerous  as  Mx/rapa.  Arrives  during 
the  fall  migrations  perhaps  a  week  before  sairapaj  and  I  have  first  noted  it  during 
the  spring  migrations  on  April  12,  or  about  a  week  after  satrapa  appears,  and  it 
vanishes  northward  by  May  1.  This  is  not  nearly  so  hardy  a  bird  as  the  Golden- 
crowned,  and  it  winters  much  farther  to  the  southward. 

130.  Poliopt ila  CiPnilea  (Lmn.)     Blue-gray  Gnatcatchev. 

An  abundant  migrant  and  a  rather  rare  summer  resident;  appeared  this 
season  on  April  20,  and  had  almost  entirely  passed  on  northward  by  the  first  of 
May. 

131.  Turd U8  mu8telinu8  (Gme\.)     Wood  Thrush. 

A  rather  uncommon  summer  resident,  arriving  this  season  on  April  24. 

132.  Tnrdus  fuscescens  (Stefth.)     Wilson^s  Thrush. 

A  moderately  common  migrant ;  arrives  about  first  of  May. 

133.  Turd  us  alicur  (B&ird.)     Gray-cheeked  Thrush. 

An  abundant  fall  migrant ;  arrives  about  the  middle  of  September  and  van- 
ishes southward  by  the  first  week  in  October.  I  have  yet  to  note  it  during  the 
spring  migrations. 

134.  Turdu^  ustalatua  suyainsonii  (Cab.)     Olive-backed  Thrush. 

A'common  migrant;  more  abundant  in  fall  than  in  spring.  This  year  I  first 
noted  it  on  April  23,  and  daring  the  fall  migrations  I  have  first  observed  it  on 
September  7,  and  it  probably  vanishes  southward  by  the  end  of  September. 

135.  Tnrdiu^  cwnalnBchhv  pallasii  (Cab.)     Hermit  Thrush. 

An  abundant  and  probably  the  most  abundant  thrush  during  the  migrations; 
especially  abundant  in  spring.  First  appeared  this  season  on  April  11,  and  I  last 
saw  it  on  May  18.  On  its  southward  flight  it  arrives  during  the  latter  part  of  Sep- 
tember. 

l.»6.     Merula  vwjratoria  (Linn.)     American  Robin. 

An  abundant  summer  resident;  sometimes  arrives  as  early  as  the  14th  of  Feb- 
ruary, and  I  have  seen  one  as  late  as  the  15th  of  December. 

137.     Sialia  aialiji.     (Linn).     Bine  Bird. 

Until  within  the  last  two  or  three  years  the  Blue  Bird  was  a  common  sum- 
mer resident,  but  of  late  it  has  become  almost  a  rarity.     In  fact,  I  failed  to  find 
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it  breeding  here  at  all  during  the  summers  of  '95  and  '96^  and  have  also  failed 
this  ('97).  This  rarity  of  the  Blue  Bird  seems  to  be  due  to  a  severe  spell  of 
weather  which  occurred  late  in  the  spring  of  '95  (I  believe  it  was)  and  which 
seemed  to  have  worked  great  havoc  not  only  in  the  case  of  the  Blue  Bird,  but  in 
some  other  instances.  Still  I  have  observed  a  few  individuals  during  the  migra> 
tions.  I  first  noted  it  this  spring  on  February  16,  and  probably  altogether  saw 
not  more  than  twelve  or  fifteen  individuals,  and  none  of  these  remained  with  us. 
During  the  fall  of  '98  I  failed  to  note  it  at  all  until  on  October  3,  when  I  saw 
three.  It  yet  remains  to  be  seen  whether  after  a  few  years  nature  will  restore  the 
equilibrium,  and  whether  we  will  again  have  with  us  'Uhe  blessed  Blue  Bird, 
bearing  the  sky  upon  her  back." 


Notes  on  Indiana  Heronries.     By  A.  W.  Butler. 

• 

The  Great  Blue  Herons  have  for  years  been  known  to  breeil  throughout 
the  State,  some  places  singly,  at  others  in  small  companies,  and  again  in 
considerable  numbers.  The  Black-crowned  Night  Heron  also  breeds  in 
heronries  often  near  to  or  included  in  a  nesting  community  of  the  last 
mentioned  species.  The  Yellow-crowned  Night  Heron  has  only  been  re- 
ported as  breeding  in  Knox  county,  where  it  attains  its  most  northern 
breeding  range.  There  Mr.  Robert  Ridgway  found  a  community  of  about 
a  hundreil  pairs  nesting  in  the  tall  ash  and  sweet  gum  trees  in  a  creek 
bottom  near  Monteur's  Pond,  in  April,  1881.  From  the  same  vicinity  Mr. 
Ridgway  reported  the  Snowy  Heron  as  breeding.  The  American  Egret 
has  been  known  to  breed  in  the  lower  Wabash  Valley.  This  was  supposed 
to  be  its  most  northern  breeding  ground.  I-.ate  in  the  summer,  after  the 
duties  to  the  family  were  done  they  were  supposed  to  wander  farther  to 
the  northward,  even  reaching  northern  Indiana,  Michigan  and  Ontario. 
This  supposition  seemed  to  be  further  borne  out  by  the  fact  that  there 
were,  with  very  few  exceptions,  no  records  north  of  southern  Indiana  at 
the  time  of  the  spring  migrations.  It  seemed  <iuite  unusual  that  they 
should  wander  northward  in  such  numbers  after  the  nesting  season,  con- 
sequently when  I  began  to  hear  of  one  or  two  pairs  being  found  in  com- 
pany with  some  colony  of  Great  Blue  Herons  I  was  prepared  to  believe 
that  if  the  right  locality  was  found  they  might  still  be  found  breeding 
in  some  numbers  in  the  northern  part  of  this  State,  provided  man's  agency 
had  not  in  some  way  destroyed  them. 
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In  Knox  and  Gibson  counties  Mr.  Robert  Ridgway  reported  heronries 
and  noted  the  breeding  of  the  Great  Blue  Heron,  the  Snowy  Heron  and 
the  American  Egret 

The  American  Egret,  according  to  Mr.  E.  J.  Ghansler,  breeds  about 
Swan  and  Grassy  Ponds,  Daviess  county. 

Dr.  J.  T.  Scovell  reports  that  up  to  about  1881  or  1882  an  extensive 
heronry  of  the  American  Egret  was  to  be  found  in  the  Wabash  bottoms 
about  a  mile  west  of  Terre  Haute. 

Mr.  J.  F.  Elliott,  of  New  Harmony,  informs  me  of  a  heronry  at  Hovey's 
Pond,  Posey  county,  Indiana. 

There  is  no  record  of  any  heronries  in  southeastern  Indiana,  but  Dr. 
F.  W.  Langdon  reports  the  Great  Blue  Heron  as  breeding  along  the  Great 
Miami  River,  and  in  the  neighboring  parts  of  Ohio.  Great  Blue  Herons 
have  been  reported  as  breeding  in  communities  about  ten  miles  south  of 
Franlcfort,  in  Clinton  county,  where  they  were  noted  by  Mr.  E.  R.  Quick, 
A  small  colony  has  also  bred  regularly  at  the  mouth  of  the  Tippecanoe 
River,  above  Lafayette,  but  when  it  was  visited  in  May,  1897,  but  one  or 
two  pairs  were  found  as  lone  remnants  of  the  former  community. 

In  Carroll  county,  Pi"of.  B.  W.  Evermann  speaks  of  two  large  heron- 
ries and  one  small  one.  He  found  as  many  as  thirteen  nests  on  one  tree 
at  one  place  and  many  other  trees  contained  from  three  to  ten  nests  each. 
(The  Auk,  October,  1888,  p.  347).  They  are  also  reported  to  have  formerly 
bred  in  colonies  In  Dekalb  county,  and  investigation  may  show  that  they 
still  do  so. 

Prof.  A.  W.  Bitting  reports  a  small  heronry  of  about  one  hundred  nests 
in  southern  Marshall  county,  on  an  island  in  the  Tippecanoe  River,  at  a 
locality  called  the  Millpond.  These  were  Great  Blue  Herons  and  he  saw 
them  in  1891.  The  same  observer  informs  me  that  up  to  about  1800  there 
was  a  heronry  of  twenty-five  or  thirty  nests  of  the  American  Egret  in  the 
Preston  Swamp,  in  the  same  county,  about  two  miles  north  of  the  one 'he 
first  mentions. 

There  is  a  heronry  of  Great  Blue  Herons  at  Golden  Lake,  in  Steuben 
county,  and  one  at  Wolf  Lake,  in  Noble  county,  at  each  of  which,  accord- 
ing to  Mr.  H.  W.  McBride,  occasional  pairs  of  American  Egrets  have  been 
found  breeding. 

Mr.  R.  B.  Trouslot  wrote  me  of  a  visit  he  made  to  "Cranetown."  in 
Jasper  county,  in  April,  1887.  At  that  time  he  estimated  there  were  thou- 
sands of  Great  Blue  Herons  nesting,  and  he  saw  a  few  American  Egrets. 
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Mr.  Ruthven  Deane  has  favored  me  with  several  notes  on  a  heronry 
called  "Crane  Heaven,"  near  English  Lake,  Starke  county,  which,  on 
March  18,  1894,  he  described  as  being  occupied  almost  exclusively  by 
Great  Blue  Herons,  though  quite  a  number  of  Black  Crowned  Night 
Herons  always  breed  there. 

Mr.  Charles  Dury,  Cincinnati,  has  also  informed  me  of  a  heronry  at 
English  Lake,  which  may  be  the  same  one. 

Mr.  J.  G.  Parker.  Jr.,  of  Chicago,  informs  me  of  a  large  colony  of 
Great  Blue  Herons  on  the  Kankakee  River,  nine  miles  south  of  Kouts, 
Indiana,  where,  on  April  14,  1894,  he  reports  the  heronries  filled  with  birds 
nesting.  I  am  indebted  to  Mr.  Parker,  and  also  to  Mr.  F.  M.  Woodruff, 
of  the  Chicago  Academy  of  Science,  for  notes  furnished  me  concerning 
heronies  in  Porter  county,  Indiana.  The  accounts  given  refer  to  different 
dates,  but  whether  the  locality  refen-ed  to  is  the  same  I  am  at  present 
unable  to  say.  Mr.  Woodruff  says  that  Mr.  Charles  Eldridge  found  the 
American  Egret  breeding  at  Kouts,  Indiana,  in  May,  1885,  and  took  a 
large  number  of  their  eggs.  He  found  their  nests  in  the  same  trees  with 
those  of  the  Great  Blue  Heron.  He  concludes:  *'I  visited  the  heronries 
last  June,  1896,  and  did  not  see  a  single  specimen  of  the  American  Egret. 
In  the  fall  of  1895  a  terrible  fire  swept  through  the  timber  along  the 
Kankakee  River,  which  probably  accounts  for  the  depopulated  state  of 
the  heronries.** 

Mr.  Parker  says  Mr.  George  Wilcox  found  quite  a  number  of  Ameri- 
can Egrets  breeding  in  a  herctory  with  the  Great  Blue  Heron,  near  Kouts, 
Indiana,  during  May,  1895.  Mr.  Parker  himself  visited  the  place  in  the 
spring  of  1896  and  found  only  a  few  of  the  latter  species  occupying  the 
heronry.  He  thinks  the  small  number  of  birds  found  was  due  to  the  fact 
that  a  heavy  fire  swept  through  the  timber  in  the  fall  of  1895. 

Mr.  C.  E.  Aiken,  of  Salt  Lake  City,  Utah,  who  has  made  many  valuable 
observations  on  the  birds  of  northern  Illinois  and  northwestern  Indiana, 
as  well  as  of  Colorado,  has  very  kindly  given  me  an  account  of  a  visit  to 
a  heronry  known  as  "Crane  Heaven,"  occupying  thirty  or  forty  acres  along 
the  Kankakee  River,  some  twenty  miles  above  Water  Valley.  The  time 
of  his  visit  was  in  May,  1886.  He  says:  "The  locality  is  a  timbered  plot 
of  ground,  being  submerged  with  twelve  to  eighteen  inches  of  yvater  at 
the  time  of  our  visit.  At  our  approach,  upon  the  discharge  of  a  gun.  the 
birds  rose  with  a  noise  like  thunder  and  hovered  in  hundreds  above  the 
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tree-tops.  They  were  of  three  species,  the  Great  Blue  Heron  (Ardea  hero- 
dias),  the  Black  CroAVued  Night  Heron  (Nycticorax  nycticora^  nwviusj, 
comprising  the  majority,  but  the  beautiful  white  plumage  of  the  American 
Egret  (Ardea  egretta)  was  conspicuous  through  the  feathered  cloud,  and 
these  birds  were  quite  numerous.  Nearly  all  the  trees  throughout  the  belt 
were  loaded  with  nests,  those  of  the  first  two  species  named  being  found 
upon  the  same  tree,  but  the  latter  birds  appeared  to  build  In  little  groups 
by  themselves.  We  did  not  climb  to  examine  the  nests,  but  most  of  them 
appeared  to  contain  young  birds.  Many  of  the  trees  were  dead,  apparently 
from  the  effects  of  the  birds  building  and  roosting  upon  them." 

It  is  probable  that  some  of  these  heronries  along  the  Kankakee  are 
referred  to  twice  in  the  references  I  have  made.  At  present  I  am  unable 
to  decide  this  matter.  It  is  likewise  very  probable  that  there  exists  heron- 
ries on  the  Kankakee  within  our  limits  of  which  we  know  nothing.  In 
this  paper  I  have  desired  to  bring  to  your  attention,  so  far  as  I  know  it, 
the  location  of  the  former  or  existing  heronries  in  Indiana  in  the  hope 
that  we  may  be  able  to  locate  all  such  sites  as  exist  or  have  existed  within 
the  State. 

This  little  article  has  served  to  acquaint  you  with  the  extension  of  the 
known  breeding  range  of  the  American  Egret  northward  for  a  distance 
equal  to  the  whole  length  of  the  State  of  Indiana,  and  we  find  at  the 
northern  part  of  this  breeding  range  that  they  have  been  found  nesting 
in  considerable  numbers.  Since  this  fact  has  been  ascertained  and  we 
have  been  able  to  note  the  arrival  of  these  birds  at  their  breeding  ground 
in  the  spring,  we  found  their  absence  during  the  period  of  the  spring  mi- 
grations was  only  apparent,  and  that  evidently  their  vernal  pilgrimages 
are  made  at  night,  and  consequently,  although  they  may  be  found  in  num- 

bers  at  their  nesting  sites,  it  is  very  rarely,  indeed,  that  they  are  to  be 
seen  at  this  season  of  the  year  en  route  to  their  summer  homes. 


The  Recent  Occurrence  op  the  Raven  in  Indiana.     By  A.  W.  Butler, 

Of  recent  years  the  Kaven  has  been  supposed  to  be  extinct  in  this 
State.  The  last  Ravens  of  which  I  can  learn  in  Franklin  county  were 
noted  in  1868,  and  I  know  of  none  later  than  that  from  any  point  in  south- 
eastern Indiana. 
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Mr.  C.  E.  Aiken  Informs  me  that  a  Haven  was  observed  by  him  in  Lake 
county  in  1871. 

Dr.  A.  W.  Bray  ton,,  writing  in  1879,  informs  us,  "It  frequents  the  sand 
hills  along  the  shores  of  Lake  Michigan  from  October  until  spring,  eating 
the  dead  fish  thrown  up  by  the  lake."  (Transactions  Indiana  Horticultural 
Society,  1870,  p.  129). 

The  winter  of  1890-91  a  number  were  taken  in  the  eastern  part  of  Allen 
county  and  adjacent  parts  of  Ohio,  and  were  brought  to  Mr.  C.  A.  Stock- 
bridge  at  Fort  Wayne. 

Mr.  J.  E.  Beasley,  in  1894,  reported  it  as  a  rare  winter  visitor  in  Boone 
county,  but  he  advises  me  that  none  have  been  seen  there  since  that  time. 

In  April,  1897,  I  was  pleased  to  be  informed  by  Mr.  E.  J.  Chansler,  of 
Bicknell,  Knox  County,  tJiat  two  persons  had  spoken  to  him  of  the  recent 
nesting  of  the  Raven  in  the  cliffs  of  Martin  county,  and  that  one  person 
claimed  to  have  taken  a  nest  and  two  eggs  in  1894.  He  says  that  Mr. 
Cass  Stroud,  of  Wheatland,  informs  him  that  Ravens  are  moderately  com- 
mon in  the  locality  known  as  *'Raven*s  Hollow,**  five  miles  south  of  Shoals. 
Mr.  Chansler  also  ascertained  that  it  was  the  belief  that  Ravens  still 
nested  at  "Raven's  Rock."  in  Dubois  county.  At  my  requpst,  Mr.  J.  R. 
Wilson,  County  Superintendent  of  Schools  at  Jasper,  Indiana,  very  kindly 
undertook  to  make  inquiries  regarding  this  matter.  He  personally  knew 
that  Ravens  were  found  in  that  county  up  to  five  years  ago— 1892— and 
Interested  two  teachers  in  the  schools  of  that  county  in  the  question  of  its 
breeding  at  Raven*s  Rock,  which  was  not  far  from  their  schools.  Raven's 
Rock  is  a  sandstone  cliff  seventy-five  or  eighty  feet  high,  the  top  of  which 
projects  about  thirty-three  feet  beyond  its  sides.  It  is  situated  between 
Dubois  and  Ellsworth.  In  the  sides  of  the  cliff  are  shelves  which  are 
almost  inaccessible,  and  on  these  and  in  the  crevices  in  the  rock  the  ravens 
built  their  nests.  These  nests  were  roughly  made  of  large  weeds  and 
even  sticks,  lined  or  felted  with  hair  or  wool.  The  ravens  have  not  been 
observed  there  the  past  -year,  but  were  a  year  or  two  ago  and  regularly 
previous  to  that  time. 

The  Raven,  when  flying,  resembles  a  crow,  but  is  much  larger.  They 
usually  fly  high  and  utter  a  harsh  croak.  It  is  claimed  they  were  often 
seen  as  far  as  five  miles  from  the  rock.  It  is  to  bo  hoped  that  further 
investigations  may  be  made  showing  the  present  status  of  the  Raven  as  a 
bird  of  Indiana,  and  that  specimens  from  this  State  may  be  secured  for 
some  of  our  collections  before  the  birds  sliall  have  entirely  disappeared. 
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Description  of  New  Facial  Muscles  in  Anura,  with  New  Qbsebyationb 

ON  THE  Nasal  Muscles  of  Salamandridae. 
By  Henry  L.  Bruner. 

[Abstract.] 

The  results  of  this  investigation  are  presented  under  three  sub-head- 
ings: 

1.  New  observations  on  the  nasal  muscles  of  the  salamanders.  These 
muscles,  which  were  described  by  the  writer  in  the  Archiv  ftir  Anatomic 
und  Physiologic,  1896,  consist  in  some  cases  of  two  muscles  only  (a  M. 
dilatator  naris  and  a  M.  constrictor  naria).  In  other  forms  a  third  muscle 
(M.  dilatator  naris  aovessorius)  Is  alsQ  present.  These  are  smooth  muscles, 
which  arise  wholly,  or  in  large  part  from  the  cartilaginous  nasal  capsule, 
or  more  definitely,  from  the  margins  of  the  fenestra  rostralis. 

The  relation  of  the  nasal  muscles  to  the  external  nasal  gland  renders 
it  highly  probable  that  the  contractions  of  the  former  produce  a  discharge 
of  the  glandular  secretion  upon  the  margin  of  the  external  nasal  opening. 
The  secure  closing  of  the  opening  is  thus  facilitated. 

Study  of  the  development  of  the  nasal  muscles  of  the  salamander  dem- 
onstrates the  fact  that  these  muscles  arise  in  situ  in  the  mesenchyma. 
There  is  no  migration  similar  to  that  of  the  striated  facial  muscles  of 
higher  vertebrates. 

2.  A  description  of  new  nasal  muscles  in  Rana.  Comparison  of  the 
frog  and  salamander  shows  that  the  former  possesses  a  M.  dilatator  naris 
and  also  a  second  muscle,  probably  homologous  with  the  M.  constrictor 
naris.  Both  of  these  muscles,  however,  are  degenerate  in  Rana  and  they 
have  also  undergone  a  change  of  function,  so  that  they  play  only  a  very 
subordinate  part  in  the  closing  of  the  external  naris. 

The  development  of  these  nasal  muscles  agrees  with  that  of  the  nasal 
muscles  of  the  salamander. 

3.  Doscrii>tlon  of  a  new'  muscle  in  the  upper  Up  of  Anura.  This  mus- 
cle, which  I  name  Musculus  labialis  superior,  lies  in  the  soft  overhanging 
upper  lip,  and  has  been  observed  in  Rana.  Bombinator,  Hyla,  Biifo  and 
Alytes. 

The  ^r.  labi.'ilis  superior  is  (ompo<5ed  of  smooth  fibres. 
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A  Kabe  Species  of  Bascanion  (B.  ornatum).     By  Henry  L.  Bbumer. 

Masticophis  omatum,  a  snake  of  Western  Texas,  was  described  by 
Baird  and  Girard  in  1853.  Later  these  authors  placed  the  type  under  the 
genus  Bascanion  and  reduced  it  to  a  variety  of  B.  taeniatum.  Cope 
accepted  this  classification  in  his  check  list  of  the  Batrachians  and  Rep- 
tiles of  North  America  (1875),  but  in  his  later  work  on  the  snakes  of  North 
America  (Proceedings  of  the  National  Museum,  VoL  14,  1891),  he  restores 
B.  ornatum  to  the  dignity  of  a  species.  This  change,  which  was  made 
in  spite  of  resemblance  in  the  coloration  and  scale  formula  of  B.  taenia- 
tum and  B.  ornatum,  was  based  on  a  groat  difference  in  the  proportions  of 
the  head  and  in  the  breadth  of  the  frontal  in  the  two  forms. 

The  available  material  for  ilte  study  of  B.  ornatum  has  consisted,  until 
recently,  of  two  specimens  belonging  to  the  Smithsonian  collections.  Both 
of  these  were  taken  in  West  Texas,  one  near  Howard  Springs,  the  other 
between  El  Paso  and  San  Antonio.  A  third  specimen,  which  was  recently 
found  by  the  writer  in  the  Franklin  Mountains  about  twelve  miles  north 
of  El  Paso,  Texas,  has  suggested  the  reflections  contained  in  the  present 
paper. 

Through  the  kindness  of  Dr.  Stejneger,  who  made  the  comparisons 
for  me,  I  am  able  to  state  that  the  proportions  of  the  head  in  the  new 
specimen  agree  exactly  with  those  of  the  specimen  in  the  National 
Museum.  Thus  additional  proof  is  Jurnlshed  of  the  specific  value  of  the 
characters  attributed  to  B.  ornatum.  Similar  evidence  on  this  point  Is 
also  to  be  obtained  from  a  study  of  the  coloration. 

CoiH?  has  divided  the  genus  Bascanion  Into  two  series  of  species,  which 
are  distinguished  by  the  coloration  of  the  young.  In  one  group  the  young 
show  a  tendency  to  become  cross-banded  or  spotted,  as  in  B.  constrictor. 
B.  flagelli forme;  in  the  other  series  the  coloration  is  characterized  by 
longitudinal  stripes,  as  in  B.  laterale.  B.  taeniatum.  B.  schotti,  B.  semi- 
lineatum.  In  the  latter  series  the  stripes  persist  up  to  maturity,  except  In 
B.  semillneatum,  in  which  a  trace  only  of  stripes  remains  on  the  anterior 
half  of  the  body  of  the  adult.  The  cross-banded  forms,  on  the  other  hand, 
all  lose  their  bands  at  maturity,  excepting  B.  flagelliforme,  in  which  in  the 
full-grown  animal  the  bands  are  observable  only  toward  the  anterior  part 
of  the  body. 
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BascanioD  ornatum  occupies  a  peculiar  place  in  the  genus  because 
combines  the  characters  of  the  two  series  above  described.  All  of  the 
specimens  of  B.  ornatum  show  both  cross-bands  and  longitudinal  stripes. 
However,  here  both  the  stripes  and  the  bands  persist  in  the  adult.  Of 
the  two  Smithsonian  specimens,  which  are  both  a  little  more  than  five  feet 
long,  the  cross-bands  are  more  distinct  in  one  specimen  than  in  the  other. 
In  the  new  specimen,  which  is  a  young  animal,  only  thirty-eight  inches 
long,  the  cross-bands  are  also  not  strongly  marked.  It  is  clear  then  that 
in  B.  ornatum  immaturity  of  the  specimen  is  not  associated  with  greater 
distinctness  of  cross-bands,  as  is  the  case  in  the  B.  constrictor  and  B. 
flagelliforme.  In  other  words,  the  cross-bands  are  a  fixed  character  of 
both  adult  and  young  of  the  species  ornatum.  These  facts  Indicate  that 
this  species  represents,  with  respect  to  coloration,  the  most  generalized 
type  in  the  genus;  it  is,  therefore,  the  most  primitive  species,  from  which, 
on  the  one  hand,  the  purely  cross-banded  series  has  descended  on  account 
of  the  obliteration  of  longitudinal  stripes.  The  longitudinally  striped 
series,  on  the  other  hand,  has  arisen  because  of  the  disappearance  of  the 
cross-bands. 


On  the  Heart  of  Lung  less  Salamanders.     By  Henry  L.  Bruner. 

[Abstract.] 

In  the  American  Naturalist  for  189G  Hopkins  announced  the  discovery 
of  a  septum  atrlorum  In  the  heart  of  certain  lungless  salamanders;  he 
omitted,  however.  In  his  description,  the  valve  which,  both  In  lungless 
forms  and  In  those  with  lungs,  guards  the  slnus-atrlum  opening. 

A  study  of  the  heart  of  lungless  salamanders  had  already  been  made  by 
the  writer  before  the  paper  of  Hopkins  came  into  my  hands.  Investiga- 
tion of  the  same  species  used  by  Hopkins  shows  that  the  latter  has 
described  the  sinus-atrium  valve  as  a  septum  atrlorum.  I  conclude,  fur- 
ther, that  no  trace  of  a  septum  atrlorum  exists  in  the  adult  lungless  sala- 
manders studied  by  me  (Plethodon  cinereus,  1:'.  erythronotus,  Desmogna- 
thus  fusca,  Salamandrlna  persplclllata,  Spelerpes  fuscus). 

The  conus  arteriosus  of  certain  lungless  salamanders  shows  a  spiral 
fold  (e.  g..  Plethodon),  but  it  seems  to  be  absent  in  Desmognathus. 
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The  Pulmonary  Arch  op  Lunoless  Salamanders.     By  Miss  Mae  Woldt. 

[Abstract.] 

Although  salamanders  have  long  been  studied,  it  was  only  recently 
discolored  that  some  forms  are  lungless.  Investigations  have  been  made 
upon  the  mode  of  respiration  and  upon  the  modifications  in  the  structure 
of  the  heart  As  far  as  known,  however,  nothing  has  been  published  con- 
cerning the  pulmonary  arch.  It  is  reasonable  to  suppose  that  the  arch 
which,  In  amphibians,  carries  blood  to  the  lungs  would  undergo  more  or 
less  degeneration  in  the  lungless  salamanders.  In  the  forms  with  lungs 
this  nrch  also  sends  branches  to  the  oesophagus.  An  investigation  of  lung- 
less salamanders  (Plethodon  cinereus  and  P.  erythronotus)  shows  that  the 
pulmonary  arch  persists  between  the  truncus  arteriosus  and  the  point  of 
origin  of  the  oesophageal  branches;  beyond  this  point  it  has  disappeared. 
The  pulmonary  arch  also  sends  branches  to  the  skin.  The  salamander 
has,  however,  another  skin  artery,  and  it  is  not  impossible  that  the  disap- 
pearance of  the  lungs  in  the  lungless  forms  finds  its  explanation  in  this 
double  supply  of  blood  to  the  skin.  The  f uncton  of  supplying  other  parts 
of  the  body  was  at  least  important  enough  to  prevent  the  entire  disap- 
pearance of  the  pulmonary  arch  in  the  lungless  salamanders. 


An  Instance  of  Bird  Ferocity.     By  Glenn  Culbertson. 

During  last  May  John  Gabel,  a  student  in  ornithology,  reported  the 
following  obser\'ation:  While  riding  near  Hanover  Mr.  Gabel's  attention 
was  attracted  by  the  fluttering  of  wings  in  an  osage  hedge  by  the  road- 
side and  by  cries  as  of  a  bird  In  distress.  On  dismounting  and  approach- 
ing to  within  ten  or  twelve  feet  of  the  place  for  a  closer  inspection  he 
observed  a  Loggerhead  Shrike  (Lanius  ludovicianusjy  impaling  a  Sparrow 
Hawk  (Falco  sparverius),  upon  the  thorns  of  the  osage  tree.  The  Shrike 
was  accomplishing  this  by  beating  the  Hawk  with  its  wings  and  by  strik- 
ing It  with  Its  beak. 

On  Mr.  Gabers  nearer  approach  the  Shrike  became  frightened  and  flew 
to  a  tree  near  by.  The  Sparrow  Hawk  remained  impaled  on  the  hedge 
thorns  and  continued  to  flutter  frantically  until  it  was  on  the  point  of 
being  captured,  when  it  was  able  to  extricate  Itself  and  fly  away. 
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In  no  instance  have  I  known  of  the  Shrike  attacking  so  large  a  bird 
as  the  SpaiTOw  Hawk,  lAuch  less  one  so  well  able  to  defend  itself. 
Whether  or  not  the  Hawk  had  become  entangled  in  the  hedge  before  the 
attack  of  the  Shrike  is  not  known,  but" that  the  Hawk  was  impaled  on  the 
thorns  and  that  the  Shrike  was  striking  it  with  wings  and  beak  is  certain. 


Material    for  the  Study    of   the  Variation  of  Etheostoma  caprodeb 

Rafinesque  and  Etheostoma  nigrum  Rafinesque  in  Turkey  Lake 

AND  Tippecanoe  Lake.*    By  W.  J.  Moenkhaus. 

The  matter  contained  in  the  present  paper  relates  to  two  species  of  darters, 
Etheostoma  caprodea  and  Etheostoma  nigrnmiTom  Turkey  Lake  and  Tippecanoe  Lake.t 
The  discussion  is  coniined  almost  wholly  to  the  variation  in  the  dorsal  and  anal 
fins.  In  a  few  instances  the  scales  in  the  lateral  line  and  on  the  nape  are  also 
considered.     The  aim  of  this  paper  is  to  answer  the  following  questions : 

1.  Do  the  sexes  present  any  differences  in  their  variations? 

2.  How  do  the  specimens  in  Tippecanoe  Lake  differ  from  those  of  Turkey 
Lake? 

3.  Is  the  variation  in  the  two  species  determinate  with  the  locality;  t.  e.,  do 
both  vary  in  the  same  direction  iu  the  same  locality? 

4.  Do  the  broods  of  one  season  differ  from  the  broods  of  another  season? 

5.  Are  the  variations  of  one  tin  correlated  with  the  variations  in  the  others? 

I.    DO  THE  SEXES  PRESENT  ANY  DIFFERENCES  IN  THEIR  VARIATIONS? 

Inasmuch  as  all  the  specimens  upon  which  the  comparisons  are  to  be  made 
include  the  two  sexes,  it  will  be  advisable  to  first  determine  just  what  modifica- 
tions sex  has  upon  the  different  structures.     The  specimens  of  Etheostoma  caprodes 


•^Contributions  from  the  Zooloj?icnl  Laboratory  of  the  Indiana  University  under  the  <li- 
rectioD  of  i\  II.  Eip^enmann,  No.  22. 

tFor  the  purpose  of  making  a  detailed  comparison  between  the  faunas  of  two  unit:)  of 
environment,  a  Biolofrical  Station  has  been  established  on  Turkey  Lake,  Kosciusko  County, 
Indiana.  Five  miles  from  this  lake  is  another  lake  of  different  shape  and  depth— Tippe- 
canoe Lake.  The  two  lakes  arc  on  opposite  sides  of  the  watershed  separating  the  St.  Law- 
rence from  the  Mississippi  Bai>in.  A  physical  survey  has  been  made  of  these  lakes,  and  as 
far  as  our  means  permit,  the  physical  and  biological  conditions  of  the  two  lakes  are  being 
studied  as  two  unit:^  of  environment  within  which  we  wish  to  determine  the  extent  of  vari- 
ation in  the  non-migratory  vertebrates,  the  kind  of  variation,  whether  continuous  or  discon- 
tinuous, the  quantitative  variation,  the  direction  of  variation,  and  the  annual  or  periodic 
Tariation  and  the  effect  of  selection.  The  present  is  one  of  a  series  of  papers  illustrating 
these  points.  C.  H.  E. 
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and  Etheostoma  nigrum  from  the  lakes  show  no  external  marks  by  which  the  sexes 
can  be  separated.  By  examining  the  glands,  however,  the  sexes  can  readily  be 
distinguished  even  in  individuals  only  25  mm.  long  (about  two  months  old  in  case 
of  E.  eaprodts). 

Below  are  given  a  series  of  tables  which  contain  the  counts  of  the  fins  for 
much  of  the  material  to  be  described  in  the  following  pages.  In  all  the  tables 
the  counts  are  given  for  the  sexes  separately  in  the  first  two  columns  and  for  the 
sexes  combined  in  the  third  column.  The  first  item  is  the  number  of  specimens 
examined  of  each  brood.  The  details  of  the  spinous  dorsal,  soft  dorsal  and  anal 
fin  follow  in  the  order  given.  Where  it  has  been  possible  the  broods  and  ages 
have  also  been  given  separately,  so  that  it  is  possible  to  compare  not- only  the 
Kexes  with  each  other,  but  also  the  same  sex  in  the  two  lakes  in  the  different 
broods  and  ages  and  in  the  two  species. 

It  needs  but  a  glance  through  these  tables  to  show  that  the  two  sexes  do  not 
differ  materially  from  each  other,  and  that  for  all  purposes  of  comparisons  that 
are  to  be  made  in  this  paper  the  sex  may  be  dropped  out  of  consideration.  It 
seems  advisable,  however,  to  consider  in  brief  the  details  of  some  of  the  tables. 

In  Table  I  are  given  the  counts  for  1,275  specimens  of  EtheMloma  eaprodes 
from  Tippecanoe  Lake.  These  fall  into  two  broods — that  of  1896,  500  in  number, 
taken  the  same  summer  (marked  '96®),  and  that  of  1895,  500,  taken  the  same  sum- 
mer (marked  '95^),  and  the  remaining  275  the  following  summer  ('95*^).  In  the 
first  three  columns  is  given  the  brood  of  '95^,  and  in  the  second  three  columns  the 
brood  of  '95  after  the  individuals  had  attained  an  age  of  one  year.  In  the  third 
column  is  given  the  brood  of  *96''.  . 

Without  considering  the  difierences  that  may  exist  between  the  different 
broods  or  between  the  different  ages  of  the  same  brood,  we  may  notice  some  things 
about  the  two  sexes  within  the  same  brood  or  age. 

1.  In  all  of  the  structures  the  percentages  are  strikingly  similar  for  any  given 
number  of  rays  or  spines. 

2.  The  nature  of  the  variation  in  both  sexes  is  the  same.  When  this  is  sym- 
metrical in  one  sex,  we  find  the  same  symmetry  in  the  other  sex  and  vice  versa. 
This  similarity  in  symmetrical  variation  in  the  two  sexes  is  well  illustrated  in  the 
anal  fin  of  the  broods  of  'OO*"'.  Here  the  pervailing  number  of  rays  is  11,  57/20', 
having  this  number  in  the  males  and  60.80^^  in  the  females.  In  the  males,  2()'y 
have  10  and  22':/f  have  12.  To  correspond  to  this  in  the  females,  10.20'y  have  10 
and  19.609r  have  12.  The  dorsal  rays  in  the  broods  of  '95'  show  asymmetrical 
variation  very  well.  Here  the  prevailing  number  of  rays  is  1(),  50ry  having  tin's 
number  in  the  males  and  48.40'/^  in  the  females.     In  the  males,  39.00';;/  have  the 
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next  lower  number,  15,  while  only  4.80^;^.  have  the  next  higher  number,  17.  Sim- 
ilarly, in  the  females,  42<%  have  15  and  only  §.60^  have  17.  While  therefore  the 
per  cent,  of  specimens  possessing  a  given  number  of  rays  may  differ  slightly  in 
the  two  sexes,  this  slight  dissimilarity  is  lost  to  a  very  large  extent  in  the  much 
more  striking  correspondence  of  the  nature  of  th^  variation  of  the  two  sexes. 

3.  The  males  are  more  variable  than  the  females.  Recently  the  method  of 
using  the  average  deviation  of  each  specimen  from  the  mean  as  an  index  of  varia- 
bility, has  come  into  vogue.  While  this  method  tells  really  nothing  of  the  extent 
of  variation  from  the  mean,  the  symmetry  or  asymmetry  of  variation  or  of  in- 
stances of  great  variability,  it  ii  of  interest  in  permittiag  a  comparison  between 
two  groups  of  individuals  to  be  expressed  numerically,  a  method  more  striking  to 
a  hasty  glance  than  the  parallel  columns  of  the  tables.  Compared  in  this  way,  it 
is  found  in  Table  I  that  the  males  have  usually  a  greater  index  of  variability  than 
the  females,  the  only  exception  in  Table  I  being  in  the  specimens  '95^.  Arrang- 
ing these  indices  of  variability,  we  find  the  variability  of  the  males  and  females 
to  be  to  each  other  as  507«{ :  4880.  The  means  were  here  calculated  to  two  dec- 
imals only,  so  that  a  slight  error  is  usually  present  in  the  index  of  variability  of 
the  males  and  females  combined,  as  given  in  the  third  series  of  columns,  and  the 
indices  of  variability  of  the  males  and  females  separately.  Averaging  the  per 
•cents,  of  specimens  having  the  highest  prevailing  number  in  the  fins,  we  find  that 
on  an  average  1.1  per  cent,  more  females  have  the  prevailing  number  than  males. 
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Table  11  contains  the  counts  for  564  specimens  of  Etkeostoma  eaprodes  from 
Turkey  Lake.  These  fall  into  three  different  broods,  those  of  *93^,  '94^  and 
'95^,  all  three  broods  having  been  taken  during  the  summer  of  '95,  so  that  they 
also  represent  three  different  ages.  The  same  can  be  said  of  the  specimens  in 
this  table  that  was  said  about  the  specimens  in  Table  I.  The  number  of  speci- 
mens in  each  case  here  is  much  smaller  than  in  the  other  table,  and,  as  a  conse- 
quence, the  per  cents  in  the  two  sexes  do  not  agree  quite  so  perfectly. 

Table  III. 

ETHEOBTOMA  NIGRUM  FROM  TIPPECANOE  LAKE. 


d 


C^and  5 


Number  of  specimens 

A. — Dorsal  spines. 

Per  cent,  of  specimens  having 
Per  cent,  of  specimens  having 
Per  cent,  of  specimens  having 
Per  cent,  of  specimens  having 
Per  cent,  of  specimens  having 

Average  number  of  dorsal  spines 


7  dorsal  spines. 
S  dorsal  spines. 
9  dorsal  spines. 

10  dorsal  spines. 

11  dorsal  spines. 


Average  variation , 


250 

1.20 
15.60 
62.80 
19.20 

1.20 


9.03 


.23016 


250 

2.40 
15.20 
56.80 
24.80 

0.80 


9.06 


.26288 


500 

1.80 
15.40 
59.80 
22.00 

1.00 


9.04 


B. — Dorsal  rays. 

Per  cent,  of  specimens  having  11  dorsal  rays  . . 
Per  cent,  of  specimens  having  12  dorsal  rays  . .    35.60 
Per  cent,  of  specimens  having  13  dorsal  rays  . .    55.20 
Per  cent,  of  specimens  having  14  dorsal  rays  . . 
Per  cent,  of 'specimens  having  15  dorsal  rays  . . 


Average  number  of  dorsal  rays 


Average  variation 


2.00 


7.20 


12.71 


.53992 


2.00 

40.80 

48.00 

8.80 

0.40 


12.64 


.59584 


2.00 

38.30 

51.60 

8.00 

0.20 


12.67 


C. — Anal  rays. 

Per  cent,  of  specimens  having    7  anal  rays 

0.40 

0.80 

0.60 

Per  cent,  of  specimens  having    8  anal  rays 

8.80 

13.60 

11.20 

Per  cent,  of  specimens  having    9  anal  rays 

66.40 

56.80 

61.60 

Per  cent,  of  specimens  having  10  anal  rays 

22.80 

28.40 

25.00 

Per  cent,  of  specimens  having  11  anal  rays 

1.60 

0.40 

1.00 

Averasre  number  of  anal  ravs 

9.16 

9.15 

9.15 

Averaee  variation 

.43792 

.50336 
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Table  III  contains  the  counts  for  500  specimens  of  Etheostoma  nigrum  from 
Tippecanoe  Lake.  The  females  of  this  group  of  individuals  are  more  variable 
than  the  males  in  all  structures.  This  difference  in  variability  is  most  pronounced 
in  the  anal  fiu.  In  the  males  66.40  per  cent,  of  the  specimens  have  the  prevailing 
number  of  rays,  9,  as  compared  to  06.8O  per  cent,  in  the  females.  This  leaves 
33.60  per  cent,  of  the  specimens  varying  from  this  number  in  the  males  compared 
to  43.20  per  cent,  in  the  females.  This  difference  is  less  pronounced  in  the  other 
two  fins,  but  from  its  constancy  in  all  three  of  the  fins  it  certainly  must  be  taken 
as  a  sexual  difference. 

The  average  variability  of  each  individual  from  the  mean  of  the  group  is 
given  under  each  column.  Averaging  these  averages  we  have  the  average  devia- 
tion of  the  male  to  the  female  as  .40266 :  .4040. 


II.    HOW  DO  THE  SPECIMENS  IN  TIPPECANOE  LAKE  DIFFER  FROM  THOSE  IN 

TURKEY  LAKE? 

In  a  previous  article*  I  described  a  number  of  local  varieties  of  color  pat- 
terns that  were  found  in  this  species.  Later  I  gave  a  more  detailed  comparison 
of  this  species  as  it  occurs  in  Turkey  Lake  and  Tippecanoe  Lake.  The  num- 
ber of  specimens  involved  were  600  from  Turkey  Lake  and  300  from  TipPecanle 
Lake.  Comparisons  were  made  upon  the  dorsal  and  anal  fins,  the  scale 
in  the  lateral  line  and  on  the  nape  and  upon  the  color  pattern.  The  following 
facts  were  observed : 

1.  Cohmition. — The  color-pattern  of  Turkey  Lake  specimens  is,  on  the  whole, 
of  a  more  blotched  character  than  that  of  Tippecanoe  Lake  specimens,  and  shows 
a  slighter  affinity  to  the  simple,  primitive  coloration  characteristic  of  the  Wabash 
River  forms. 

2.  Lateral  Lin*:.  —The  specimens  of  Turkey  Lake  have  on  an  average  two 
more  scales  in  the  lateral  line.  The  average  number  for  Turkey  Lake  is  89.46  for 
the  left  side,  Sy.74  for  the  right  side;  for  Tippecanoe  Lake,  87.69  for  the  left  side, 
S7.45  for  the  right  side. 

3.  Siju'imalion  of  Nape. — In  Turkey  Lake  the  nape  is  usually  naked;  in  Tip- 
pecanoe Lake  the  nape  is  usually  scaled.     (See  Table  V.) 

4.  Do  ml  and  Anal  Fin. — Decided  differences  are  found  in  the  dorsal  fins. 
The  data  have  been  incorporated  in  the  tables  below,  and  these  differences  will  be 
given  then.     The  anal  fin  is  slightly  larger  in  the  Tippecanoe  Lake  specimens. 

"^The  variation  of  Ktheo9toinn  caprodcM  Rafinesque  in  Turkey  Lake  and  Tippecanoe  Lake 
Proc.  Ind.  Acad.  Sci.  No.  V,  1895,  pp.  278-296. 
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I  have  since  examined  the  fins  of  250  more  specimens  of  Etheoi*toma  eaprodeA 
from  Turkey  I^ake  and  1,175  more  specimens  from  Tippecanoe  Lake.  The  data 
for  these  are  combined  with  those  previously,  described  and  given  in.  the  tables 
below.  In  addition,  the  nape  and  fins  of  500  specimens  of  EtheoMoma  nigruvi  from 
Tippecanoe  Lake  and  100  specimens  from  Turkey  Lake  have  been  examined. 
The  sex  has  been  determined  in  most  of  this  material,  so  that  a  comparison  of  the 
proportion  of  the  sexes  in  the  two  lakes  can  be  made. 


a.      ETHE06T0MA  CAFRODES. 

1.  Proportion  of  Sexes. — The  projjortion  of  the  sexes  in  the  two  lakes  will  be 
found  in  Table  IV.  In  all  the  broods,  excepting  the  broods  of  '9.S'>,  of  both  lakes, 
the  males  are  in  the  majority.  In  Turkey  Lake  this  majority  is  greater  than  in 
Tippecanoe  Lake.  In  the  latter  the  mean  per  cent,  of  males  is  55.44  and  the 
females  44.56.  In  Turkey  Lake  the  mean  per  cent,  of  males  is  68.96  and  of  females 
36.04.  The  broods  of  'QS*^  are  not  included  in  the  latter  because  this  group  con- 
tains many  females  of  preceding  broods  that  have  survived  the  males  or  outdone 
them  in  growth.  Thus  all  of  the  larger  specimens  of  this  group  are  females.  One 
can  be  quite  sure  when  he  meets  an  exceptionally  large  and  aged-looking  specimen 
that  it  is  a  female.  The  broods  of  '93*,  determined  solely  by  the  size  of  the  speci- 
mens, ought  therefore  to  show  an  abnormal  per  cent,  of  females  and  should  not 
be  taken  to  determine  the  true  proportion  of  the  sexes. 

Table  IV. 


Number  of  Specimens. 


^'K"""  '  '^"'''^y  ^-■*''<'- 


Male.    Female.  ;  Male.  •  Female. 


882  specimens,  brood  M»6''. 
543  specimens,  brood  '9.")'. 
280  specimens,  brood  '9o''. 
115  specimens,  brood  *95'. 
222  specimens,  brood  '94 ', 
228  specimens,  brood  '93'V 


.•>8.48 


")2.4S 


00.35 


]i-5L> 
4/. 

44.t>5 


(>2.<;o 

65.32 
45.62 


37.40 
34.68 
54  38 


2.  St^uamation  of  Xape. — Table  V  represents  the  data  for  the  stjuamation  of 
the  nape  of  600  specimens  from  Turkey  Lake  and  300  specimens  from  Tippecanoe 
Lake.  Eighty-eight  per  cent,  have  the  nape  naked  in  Turkey  Lake  and  only  19 
per  cent,  from  Tippecanoe  Lake.  Twenty-eight  per  cent,  from  the  latter  lake 
have  scales  over  the  entire  nape. 
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Table  V. 


* 

From 
Turkey  Lake. 

From 
Tippecanoe 

Per  cent,  of  Rpecimens  having  no  scales  on  nape. . 
Per  cent,  of  specimens  having  few  scales  on  nape. . . 
Percent,  of  specimens  having  several  scales  on  nape 
Per  cent,  of  specimens  having  nape  thinly  scaled . . . 
Per  cent,  of  suecimens  havins  naoe  closelv  Hcaled . . 

88.00 
8.00 
4.00 
0.20 

19.32 
2:^.87 
28.32 
10.67 
11.74 

In  Tables  VI,  VII  and  VIII  are  given  the  counts  for  the  anal,  spinous  dorsal 
and  soft  dorsal  iins,  respectively.  The  per  cents,  are  based  on  1,475  specimens  of 
all  ages  from  Tippecanoe  Lake  and  850  of  ail  ages  from  Turkey  Lake. 

C.  Anal  Rays. — From  Table  VI,  it  will  be  seen  that  the  anal  fin  is  somewhat 
larger  in  Tippecanoe  Lake  than  in  Turkey  Lake.  This  is  shown  by  the  decrease 
in  the  per  cent,  of  specimens  having  the  prevailing  number,  11,  and  the  increase 
in  the  per  cent,  of  specimens  having  the  next  lower  number,  10,  in  the  Turkey 
Lake  specimens.  The  mean  number  of  rays  is  10.76  for  Turkey  Lake  and  10.97 
for  Tippecanoe  Lake. 


Table  VI. 


I    Tippecanoe 
I         Lake. 

Per  cent,  of  specimens  having    7  anal  rays | 

Per  cent,  of  specimens  having    8  anal  rays ; 

Per  cent,  of  speeimens  having    9  anal  rays 0.75 

Per  cent,  of  specimens  having  10  anal  rays 21 .92 

Per  cent,  of  specimens  having  11  anal  rays 58.23 

Per  cent,  of  specimens  having  12  anal  rays 19.66 

Per  cent  of  specimens  having  13  anal  rays 0.48 

Mean  number  of  ravs ■  10.97 

I 


Turkey  Lake. 


0.12 

0.23 

1.76 

31.87 

53.10 

12.23 

0.35 


10.76 


•  3.  Dorsal  Spines. — The  dorsal  spines  in  the  Tippecanoe  Lake  specimens  vary 
from  10  to  17.  The  prevailing  number  is  14,  61.44  per  cent,  having  this  number. 
The  variation  is  slightly  greater  toward  a  higher  number  than  toward  a  lower 
number  of  spines.  In  Turkey  Lake  specimens  the  spines  vary  from  12  to  IS.  The 
prevailing  numl>ers  are  14  and  15,  42.57  per  cent,  and  43.48  per  cent,  respectively 
having  this  number.  From  these  the  variation  is  symmetrical  in  both  directions. 
The  mean  is  14.20  for  Tippecanoe  Lake  and  14.56  for  Turkey  Lake. 
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STABLE  VII. 


Tippecanoe 
Lake. 

Turkey  Lake. 

Per  cent,  of  specimens  having  10  dorsal  spines. . . 
Per  cent,  of  specimens  having  11  dorsal  spines. . . 
Per  cent,  of  specimens  having  12  dorsal  spines. . . 
Per  cent,  of  specimens  having  13  dorsal  spines. . . 
Per  cent,  of  specimens  having  14  dorsal  spines. . . 
Per  cent,  of  specimens  having  15  dorsal  spines. . . 
Per  cent,  of  specimens  having  16  dorsal  spines. . . 
Per  cent,  of  specimens  having  17  dorsal  spines. . . 
Per  cent,  of  specimens  havinir  18  dorsal  spines. . . 

.069 

.069 

0.82 

11.85 

61.44 

25.21 

1.30 

0.27 

*0.23* 
5.17 
42.57 
43.48 
7.29 
0.94 
0.23 

X                                                                              O                                                           A 

Mean  number  of  rays 

14.20 

14..>6 

4.  Dorsal  Rays. — The  dorsal  rays  vary  from  10  to  20  in  Tippecanoe  Lake. 
The  prevailing  number  of  rays  is  16,  51.03  per  cent,  having  this  number.  There 
is  a  tendency  to  vary  toward  a  lower  number  of  rays.  Thus,  35.55  per  cent,  have 
16  and  only  10.74  per  cent,  have  17.  In  Turkey  Lake  the  soft  dorsal  varies  from 
12  to  18  rays.  The  prevailing  number  here  is  15,  with  53.98  per  cent,  of  the 
specimens  having  this  number.  Here,  too,  the  tendency  to  vary  toward  a  lower 
number  is  quite  marked,  31.40  per  cent,  having  14  and  only  11.17  per  cent,  hav- 
ing 16.  The  mean  number  of  rays  is  15.66  for  Tippecanoe  Lake  and  14.80  for 
Turkey  Lake. 

Table  VIII. 


Tippecanoe 
l^ake. 


Turkey  Lake. 


Per  cent,  o 
Per  cent,  o 
Per  cent,  o 
Per  cent,  o 
Per  cent,  o 
Per  cent,  o 
Per  cent,  o 
Per  cent,  o 
Per  cent,  o 
Per  cent,  o 
Per  cent,  o 


specimens 
specimens 
specimens 
specimens 
»:  pec  i  mens 
specimens 
specimens 
specimens 
specimens 
specimens 
specimens 


having 
having 
having 
having 
having 
havinj^ 
having 
having 
having 
having 
having 


10  dorsal 

11  dorsal 

12  dorsal 

13  dorsal 

14  dorsal 
lo  dorsal 
1()  dorsal 

17  dorsal 

18  dorsal 

19  dorsal 

20  dorsal 


rays, 
rays, 
rays, 
ravs. 
ravs. 

» 

rays, 
ravs. 
rays, 
rays, 
rays, 
rays. 


Mean  number  of  rays, 


0.07 


0.07 


3.49 
35.55 
61.03 
10.74 

0.69 


0.07 


15.66 


0.23 

1.88 

31.40 

53.98 

11.17 

1.29 

0.23 


14.8 
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b.      ETHE08T0MA   NIGRUM. 

1.  Squamation  of  Nape. — The  followinfi^  Table  IX,  is  based  on  100  speci- 
mens  from  each  of  the  lakes,  and  is  intended  to  show  the  occurrence  of  scales  on 
the  nape  in  this  species.  Eighty- five  per  cent,  of  the  specimens  from  Turkey  Lake 
have  their  nape  naked,  and  none  have  their  nape  completely  scaled.  Compared 
with  this,  only  50  per  cent,  of  the  specimens  from  Tippecanoe  Lake  have  a  naked 
nape,  while  four  per  cent,  have  their  nape  completely  scaled. 


Table  IX. 


Turkey  Lake. 


Tippecanoe 
Lake. 


Per  cent,  of  specimens  having  no  scales  on  nape. . 
Per  cent,  of  specimens  having  few  scales  on  nape. 
Percent,  of  specimens  havingseveral  scales  on  nape 
Per  cent,  of  specimens  having  nape  thinly  scaled  . 
Per  cent,  of  specimens  having  nape  closely  scaled. 


86.00 

13.00 

2.00 


50.00 

28.00 

18.00 

2.00 

2.00 


In  Tables  X,  XI  and  XII  are  given  the  counts  of  the  anal  rays,  dorsal  spines 
and  dorsal  rays  of  Etheostoma  nigrum  from  the  two  lakes.  The  counts  are  based 
on  100  specimens  from  Turkey  Lake  and  500  from  Tippecanoe  Lake. 

2.  Anal  Rays. — Table  X.  The  anal  rays  vary  from  7  to  11  in  Tippecanoe 
Lake,  61 .60  per  cent,  having  nine  rays.  There  is  a  tendency  to  vary  toward  an 
increased  number  of  rays,  25.60  per  cent,  having  10,  and  but  11.20  per  cent,  eight. 
In  Turkey  Lake  the  variation  is  from  eight  to  ten  ;  5S  per  cent,  have  nine,  40  per 
cent,  have  a  smaller  number  of  rays  and  only  two  per  cent,  a  greater  number. 
The  mean  number  of  anal  rays  is  9.15  for  Tippecanoe  Lake  and  8.62  for  Turkey 
Lake. 

Table  X. 


i    Tippecanoe 
'          lAke. 

Turkey  Lake. 

Per  cent,  of  specimens  haviner    6  anal  ravs 

Per  cent,  of  specimens  having    7  anal  rays 

Per  cent,  of  specimens  having    8  anal  rays 

Per  cent,  of  specimens  having    9  anal  rays 

Per  cent,  of  specimens  having  10  anal  rays 

Per  cent,  of  specimens  having  11  anal  rays 

0.60 
11.20 
61.60 
25.60 

1.00 

40.00 

58.00 

2.00 

Mean  number  of  ravs  , . .  ^  , , . , ,».,,,, 

9.15 

,62 
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3.  Dorsal  Spines. — Table  XI.  The  dorsal  spines  vary  from  7  to  11  in  Tippe- 
canoe Lake,  59.80  per  cent,  haying  nine.  The  variation  from  this  number  is 
almost  symmetrical.  In  Turkey  Lake  the  variation  ranges  from  7  to  10.  Nine 
is  the  prevailing  number,  52  per  cent,  having  this  number.  The  variation 
toward  a  lower  number  of  spines  is  much  the  greater,  39  per  cent,  having  eight, 
compared  to  five  per  cent,  having  ten.  The  mean  for  Tippecanoe  Lake  is  9.04, 
and  8.58  for  Turkey  Lake. 

« 

Table  XI. 


Tippecanoe 
Lake. 

Turkey  Lake. 

Per  cent,  of  specimens  havinir    6  dorsal  spines. . . 

Per  cent,  of  specimens  having    7  dorsal  spines. . . 
Per  cent,  of  specimens  having    8  dorsal  spines. . . 
Per  cent,  of  specimens  having    9  dorsal  spines. . . 
Per  cent,  of  specimens  having  10  dorsal  spines. . . 
Per  cent,  of  specimens  having  11  dorsal  spines. . . 

1.80 
15.40 
59.80 
22.00 

1.00 

4.00 
39.00 
52.00 

6.00 

Mean  number  of  ravs 

9.04 

8.58 

4.  Dorsal  Rays.  — The  Tippecanoe  Lake  specimens  present  a  range  of  varia- 
tion from  11  dorsal  rays  to  15.  The  prevailing  number  is  13,  51. GO  per  cent,  pos- 
sessing this  number,  while  38.20  per  cent,  have  12  an^  only  8  per  cent,  have  14. 
The  Turkey  Lake  specimens  vary  from  11  to  13.  The  prevailing  number  here  is 
12,  59  per  cent,  having  this  number.  The  variation  toward  a  higher  number  is 
greater  than  toward  a  lower  number.  Thus,  36  per  cent,  have  13  and  only  50  per 
cent,  have  11.  The  mean  number  of  rays  is  12.67  for  Tippecanoe  Lake  and  12.31 
for  Turkey  Lake. 


Table  XII. 


Percent,  of  specimens  having  11  dorsal  rays. 
Per  cent,  of  specimens  having  12  dorsal  rays. 
Per  cent,  of  specimens  having  13  dorsal  rays. 
Per  cent,  of  specimens  having  14  dorsal  rays. 
Per  cent,  of  specimens  having  15  dorsal  rays. 

Mean  number  of  rays 


Tipi)ecanoe 
Lake. 


Turkey  Lake. 


5.00 
59.00 
36.00 
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From  the  foregoing  comparitOD  it  will  be  «eea  tha'  the  Bpeciineni  of  Uppe- 
■cttuot  Lalie  differ  in  every  structure  examined  from  thoae  of  Turkey  Lake.  Tbi< 
is  true  for  both  apeciea.  In  some  structures  this  difTerence  is  small,  as  in  the  anal 
fin,  and  in  others  it  is  greater,  as  in  the  scales  on  the  nape  and  the  dorsal  rays. 


Bnt  of  greater  importance  is  the  fdct  that  both  species  are  being  modified  in 
the  same  way  by  the  same  take.  Thus,  vilh  one  exception,  if  a  given  structure 
varies  in  a  certain  manner  in  Ethtoeioiaa  mprodet  in  Tippecanoe  Lake,  the  same 
structure  will  show  a  similar  modification  in  i^theoaloma  ni^iim  in  the  same  lake. 
This  holds  trae  with  one  exceplioa. 

From  tables  V  and  I X,  it  is  seen  that  both  species  show  a  greater  per  cent,  of 
individuals  with  a  scaled  nape  in  Tippecanoe  Lake  than  in  Turkey  Lake.  For 
Tippecanoe  Lake  the  perceots  of  specioienB  with  a  naked  nape  are  19.32,  and  SO 
lot  Elheoftonui  rapTodn  and  Ethtnitoma  ni'^um  respectively,  while  for  Turkey  Lake 
they  are  SH  and  h,")  respectively. 
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In  Tippecanoe  Lake  the  anal  fin  in  both  species  is  slightly  larger.  The  ruttur*: 
of  the  variation  in  the  anal  fin  is  quite  definite  for  each  lake.  Thus  from  Tables 
VI  and  X  we  find  that  the  variation  in  Tippecanoe  Lake  is  very  nearly  symmet- 
rical around  the  prevailing  number,  9,  while  in  Turkey  Lake  the  variation  is 
pronouncedly  asymmetrical,  a  much  greater  per  cent,  varying  below  nine  than 
above. 

On  the  contrary,  the  dorsal  spines  of  one  species  show  an  increase,  and  of  the 
other  a  decrease  in  number.  Aside  from  this  exception,  however,  there  is,  as  in 
the  anal  fin,  a  marked  parallelism  in  the  nature  of  the  variation  in  the  two  species 
for  each  lake.  Thus  in  Tippecanoe  Lake  the  variation  is  nearly  symmetrical, 
while  in  Turkey  Lake  it  is  very  asymmetrical.  The  asymmetry  in  Etheottoma 
capi'odea  is  due  to  the  difference  in  the  three  broods  included,  yet,  as  can  be  seen 
from  Fig.  2,  each  brood  shows  this  asymmetrical  variation  in  its  dorsal  spines. 

The  soft  dorsal  in  both  species  has  one  more  ray  in  Tippecanoe  Lake  than  in 
Turkey  Lake.  In  Figs.  1  and  2  are  given  the  curves  for  the  dorsal  rays.  In  the 
curves  for  both  species  the  continuous  line  is  for  the  Turkey  Lake  specimens  and 
the  broken  line  for  Tippecanoe  Lake  specimens.  From  these  it  will  be  seen  that 
in  Tippecanoe  Lake  the  prevailing  number  is  16  and  13  for  Ethewtoina  raprodes  and 
Etheostoma  nigrum  respectively,  and  in  Turkey  Lake  it  is  15  and  12  respectively. 
In  the  dorsal  rays,  too,  the  Turkey  Lake  specimens,  in  contrast  to  the  Tippecanoe 
Lake  specimens,  vary  asymmetrically. 

The  comparison  of  the  two  lakes,  in  so  far  as  these  two  species  are  concerned, 
may  be  briefly  summarized  as  follows :  Tippecanoe  Lake  is  characterized  by  a 
greater  number  of  scales  on  the  nape  and  rays  in  the  anal  and  soft  dorsal.  The 
variations  are  very  nearly  symmetrical  in  Tippecanoe  Lake,  while  in  Turkey 
Lake  they  are  decidedly  asymmetrical.  The  proportion  of  males  to  females  is 
greater  in  Tippecanoe  Lake  than  in  Turkey  Lake. 

This  parallelism  in  the  variation  of  these  two  species  becomes  the  more  inter- 
esting when  considered  in  another  relation,  namely,  that  one  of  the  species  does 
not  thrive  equally  well  in  both  lakes.  Etheostoma  nigrum  is  as  excessively  rare  in 
Turkey  Lake  as  it  is  abundant  in  Tippecanoe  Lake.  One  to  50  approximates  the 
ratio.  On  the  other  hand,  EtheoMoma  caprodes  is  equally  abundant  in  both  lakes. 
The  modifications  found  in  these  structures,  therefore,  can  not  be  attributed  to 
any  selective  influence,  or  at  best,  this  inlluence  is  so  slight  as  to  be  largely  over- 
come in  its  effect  by  ontogcnic  influences.  Otherwise  we  could  hardly  account  for 
the  parallel  modifications  in  two  nearly  related  species  living  side  by  side,  the  one 
thriving,  and  the  other  on  the  point  of  extermination. 


The  different  broods  could  be  clearly  separated  only  in  Elheottoma  eaprooa. 
A  eeriei  of  56o  epecimenB  from  Turkey  Lalce  talcen  dnriag  the  summer  of  '95  were 
t«tHlily  separable  into  three  groupe  on  the  ba>ie  of  their  size.  These  three  groupa 
represented  the  broods  oE  '93,  '94  and  '95.  These  are  the  broods  coDtaioed  in 
Table  1.  The  comparison  of  the  broods  has  alread;  been  made  (Proc.  Ind.  Acad. 
Sci.  No.  5,  pp.  289-90,  1895),  but  the  following  points  seem  worth  repeating  in 
this  conneetion. 

1.  The  broods  of  '93'^  and  '95^  were  alike  in  all  the  structures  examined. 

2.  The  brood  of  '94^  differed  from  the  other  two  broods  in  having  on  an  ar- 
«rage  two  more  scales  in  the  lateral  line,  and  a  fewer  number  of  donal  spines. 
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In  Fig.  8  are  given  the  curves  for  the  dorsal  spines  of  these  three  broods. 
The  curves  are  based  on  the  counts  for  the  dorsal  spines  given  in  Table  I.  The 
continuous  line  is  fur  the  broods  of  '93^,  the  broken  line  for  the  broods  of  '94'  and 
the  dotted  line  for  the  broods  of  "JS". 
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From  these  it  will  be  noticed  that  the  curves  for  the  broods  of  '93  and  '0')  are 
almost  identical,  with  15  as  the  prevailing  number  of  spines,  while  the  brood 
of  '94  stands  quite  distinct,  with  14  as  the  prevailing  number.  The  mean  for  the 
broods  of  '93  and  '95  is  14.65  and  14.69  respectively,  and  for  the  brood  of  '94,  14.39. 

A  comparison  of  the  fins  of  500  specimens,  including  an  equal  number  of  each 
sex,  from  Tippecanoe  Lake,  of  the  brood  of  '95,  taken  the  same  summer  with  500 
specimens  of  botfi  sexes  of  the  brood  of  '96  taken  the  same  summer,  shows  them 
to  be  almost  identical  in  the  anal  rays  and  dorsal  spines,  as  can  be  seen  from  the 
counts  given  in  Table  II.  Thus,  in  the  anal  fin  we  have  10.96  and  11.02  for  the 
mean  in  the  two  broods;  58  and  59  are  the  percents  of  specimens  having  the  pre- 
vailing number,  1 1  rays.  Around  this  the  variation  is  symmetrical  in  both  broods, 
The  means  for  the  dorsal  spines  are  14.06  and  14.22.  The  per  cent,  of  specimens 
having  the  prevailing  number,  14,  are  62.20  and  62.80.  The  variation  from  this 
number  is  nearlv  the  same. 

These  two  broods,  however,  show  quite  a  diflference  iu  the  dorsal  rays,  as 
shown  by  the  mean  and  by  the  nature  of  the  variation.  The  mean  number  of  rays 
for  the  brood  of  '95  is  15.57  and  15.90  for  the  brood  of  '96.  In  Fig.  4  are  given 
the  curves  for  the  dorsal  rays  and  Table  XIII  contains  the  details  of  the  counts. 
In  the  curves  the  continuous  lines  represent  the  brood  of  '95. 

Both  broods  have  16  as  their  prevailing  number,  49.20  per  cent,  in  the  brood 
of  '95  and  55.20  per  cent,  in  the  brood  of  '96  having  this  number.  In  the  brood 
of  '96  there  is  an  approximation  to  a  symmetrical  variation  around  this  number, 
while  ill  the  brood  of  '95  the  number  of  specimens,  40.80  percent,  having  the  next 
lower  number,  15,  is  almost  as  great  as  that  of  16. 

Table  XIII. 
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Per  cent,  of 
Per  cent,  of 
Per  cent,  of 
Per  cent,  of 
Per  cent.'  of 
Per  cent,  of 
Per  cent,  of 
Per  cent,  of 
Per  cent,  of 
Per  cent,  of 
I*er  cent,  of 


specimens  having  10  dorsal  rays, 
specimens  having  11  dorsal  rays, 
specimens  having  12  dorsal  rays, 
specimens  having  13  dorsal  rays, 
specimens  having  14  dursal  rays, 
specimens  having  15  dorsal  rays, 
specimens  having  16  dorsal  rays, 
specimens  having  17  dorsal  rays, 
specimens  having  18  dorsal  rays. 
si)ecimens  having  19  dorsal  rays, 
specimens  having  20  dorsal  rays. 


0.20 


4.00 

40.80 

49.20 

5.20 

0.40 


0.20 


0.20 


l.JiO 
24.80 
55.20 
1t>.80 

1.40 
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Tbue  the  broods  of  '94''  io  Turkey  Lake  differa  from  tbe  broods  of  the  preced- 
iog  and  aucceeding  y^ar  in  the  nnmber  of  Bcalea  id  the  lateral  lioe  and  in  the 
number  of  dorsa.!  apinee,  aod  the  broods  of  '95'  in  Tippecanoe  Lake  differ  from 
the  broods  of  '06*  in  the  number  of  dorsal  nya.  In  regard  to  the  former,  I  have 
already  remarked  that  "  the  diSerence  in  the  dorsal  spines  may  possibly  be  due 
to  the  presence  of  local  races  in  the  lake.  While  this  may  possibly  be  the  case,  it 
is  not  at  ail  probable,  because,  in  the  first  place,  the  curve  constructed  for  the 
dorsal  spines  of  100  specimens  of  the  brood  of  '93°  taken  within  a  dis{Bnce  of  100 
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yards  aloug  the  chores  where  the  conditions  were  undoubtedly  uniform,  gave  a 
curve  identical  with  that  for  all  the  broods  of  '93\  In  the  second  place,  the  '93' 
and  IM'  specimens  are  found  in  about  eijnal  abundance  together,  and  since  these 
were  promiscuously  preserved  it  is  altogether  probable  that  from  any  given  locality, 
an  equal  number  uf  eaoh  brood  was  taken." 

I  have  since  examined  a  considerable  number  of  specimens  from  three  distant 
localities  in  Ihe  hike,  and  lind  that  they  do  not  present  sufficient  local  differences 
to  account  for  these  occurring  in  the  different  broods. 

In  regard  to  the  broods  in  Tippecanoe  Lake  it  need  but  be  said  thai  they  were 
of  the  same  age  and  were  collected  from  the  same  place  ia  the  lakes. 

1&— Science. 
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The  only  remaining  element,  it  seems,  with  which  to  correlate  these  differ- 
ences is  the  season  in  which  the  broods  were  hatched.  The  characters  of 
broods  varj  with  the  varying  conditions  of  the  years.  Equally  great  changes  are 
perhaps  not  uncommonly  produced  artificially  in  the  laboratory  by  subjecting 
organisms  to  changed  conditions  during  their  ontogeny,  so  that  there  is  nothing 
unusual  in  the  changes  occurring  in  these  broods.  But  it  is  interesting  to  know 
that  in  nature  within  areas  of  such  comparative  uniformity  as  one  of  these  small 
lakes  the  most  uniform  environment  from  year  to  year  possible  in  this  latitude 
there  is  a  sufficient  fluctuation  in  the  seasonal  conditions  to  produce  these  meas- 
urable differences  found  in  these  different  broods. 


V.    ARE  THE  VARIATIONS  IN  ONE  FIN  CORRELATED  WITH  THE  VARIATIONS 

IN  THE  OTHERS? 

Most  of  the  specimens  from  both  lakes  were  separated  into  different  groups 
on  the  basis  (I)  of  the  number  of  rays  in  the  anal  fin,  and  (2)  of  the  number  of 
spines  in  the  dorsal  fin.  In  the  former  grouping,  by  finding  the  average  number 
of  elements  in  the  dorsal  fins,  both  separately  and  combined,  for  each  group,  the 
correlation  of  the  variations  in  the  anal  fin  with  that  of  the  dorsal  separate  and 
combined,  can  be  determined.  iSimilarly  in  the  latter  grouping  (2)  the  correla- 
tion between  the  two  dorsals  can  be  determined. 

In  the  way  of  an  illustration,  the  data  for  the  broods  of  *95^  and  '06'*  from 
Tippecanoe  Lake  are  given  in  Table  XV.  The  number  of  specimens  in  each 
group  occurs  in  the  first  column. 

It  will  be  observed  that  in  both  broods  there  is  a  definite  correlation  between 
the  anal  fin  and  dorsal  fins,  separately  and  combined. 

When  the  anal  rays  increase  in  number,  the  dorsal  spines,  dorsal  rays,  or  both 
combined,  also  increase.  There  are  several  exceptions  to  this  law,  noteworthy  in 
the  dorsal  spines  of  the  twelve  anal-rayed  group  and  the  dorsal  rays  in  the  eleven 
anal-rayed  group  of  the  brood  of  '96". 

In  all  cases  the  increase  in  the  dorsal  is  considerably  smaller  than  the  increase 
in  the  anal.  The  correlation  is  stronger  for  the  two  dorsals  combined  than  for 
them  separately,  and  of  the  latter,  it  is  the  stronger  for  the  dorsal  rays.  The 
ratio  of  increase  in  the  dorsal  to  the  increase  in  the  anal  is  approximately  twelve 
to  two,  five  to  two  and  four  to  two  in  the  spinous  dorsal,  soft  dorsal  and  both  com- 
bined, respectively. 


Table  XIV. 

ETHEOeTOHA    CAPR0DB8. 
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In  Fig.  6  SD*!  Table  XVI  the  correlation  between  the  anal  and  doraala  com- 
bined of  both  broode  ia  represented  graphicallj.  Increase  in  llie  dorsal  and  anal 
elements  are  represented  by  distan^ee  awaj  from  the  point  of  janction  of  the 
boriiODtsI  and  vertical  line  respectiTel;.  The  dotted  iliagjna]  Hue  represents  the 
condition  of  perfect  correlation  between  the  two  fins.  The  line  v  is  erected  at  the 
mean  of  the  dorsal  Rn  and  line  z  at  the  mean  of  the  anal  rays. 
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Table  XV. 


Average  No. 
of  Dorsal  Spines 
and  Rays. 


Specimens  with  9  anal  rays 
Specimens  with  10  anal  rays 
Specimens  with  1 1  anal  rays 
Specimens  with  1 2  anal  rays 
Specimens  with  13  anal  rays 


28.50 
29.20 
29.53 
30.24 
30.85 


From  the  latter  half  of  Table  XV  the  correlation  between  the  spinous  and 
soft  dorsab  may  be  obtained.  Here  it  is  seen  that  when  the  one  dorsal  increases, 
the  other  decreases.  This  condition  shows  that  within  certain  limits  these  two 
kind  of  structures  are  convertible  into  each  other  and  may  replace  each  other. 


SUMMARY. 

1.  In  Etheo8toma  caprodes  the  males  are  moVe  variable  th^n  the  females  in 
the  ratio  of  .507  :  .468.  In  Etheostoma  nigrum  the  females  are  more  variable  than 
the  males  in  the  ratio  of  .402:  .454. 

2.  The  specimens  of  both  species  in  Turkey  Lake  differ  from  those  in  Tippe- 
canoe Lake  in  every  structure  examined. 

3.  The  variation  in  the  two  species  is  determinate  for  the  lake,  that  is,  both 
species  are  modified  in  the  same  way  by  the  same  lake  with  but  one  exception. 

4.  This  difference  is  not  the  result  of  selective  influence,  but  apparently  the 
direct  effect  of  the  environment 

5.  The  successive  broods  vary  with  the  varying  conditions  of  the  year  in 
which  they  are  bom. 

6.  The  variations  in  the  fins  are  correlated  as  follows: 

a.  When  the  dorsal  spines  increase  in  number  the  dorsal  rays  decrease  in 

number. 

b.  When  the  anal  ra3rB  increase  the  dorsal  spines,  the  dorsal  rays  and  the 

sum  of  the  elements  in  the  two  dorsals  increase. 
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The  Origin  of  Cave  Faunas.    Bt  C.  H.  Eioenmann. 

[Abstract.] 

There  are  two  prominent  views  of  the  origin  of  the  cave  faunas  and  of 
their  degenerate  eyes. 

The  following  from  Ray  Lankester  presents  one  of  these  views:  Sup- 
posing a  number  of  some  species  of  arthropod  or  fish  to  be  swept  into  a 
cavern  or  to  be  carried  from  less  to  greater  depths  in  the  sea,  those  indi- 
viduals with  perfect  eyes  would  follow  the  glimmer  of  light  and  eventu- 
ally escape  to  the  outer  air  or  the  shallower  depths,  leaving  behind  those 
with  imperfect  eyes  to  breed  in  the  dark  place.  A  natural  selection  would 
thus  be  effected.  In  every  succeeding  generation  this  would  be  the  case, 
and  even  those  with  weak  but  still  seeing  eyes  would  in  the  course  of 
time  escape,  until  only  a  pure  race  of  eyeless  or  blind  animals  would  be 
left  in  the  cavern  or  deep  sea. 

2.  "The  existence  of  these  blind  cave  animals  can  be  accounted  for 
only  by  supposing  that  their  remote  ancestors  began  making  excursions 
into  the  cave,  and,  finding  it  profitable,  extended  them,  generation  after 
generation,  further  in,  undergoing  the  required  adaptations  little  by  lit- 
tle."—Herbert  Spencer,  Popular  Science  Monthly,  XLIII,  487  and  488. 

The  first  of  these  views  is  based  on  two  facts,  as  everyone  familiar 
with  caves  and  their  faunas  will  readily  agree.  These  facts  are,  first,  the 
author's  lack  of  knowledge  about  caves  and  his  disregard  of  the  nature  of 
the  animals  inhabiting  them. 

The  second  of  these  theories  is  more  nearly  applicable  to  the  blind 
fishes.  A  partial  adaptation  to  do  without  eyes  is  found  in  those  species 
inhabiting  the  swamps  of  the  Southern  States.  The  eyes  of  Ghologaster 
comutus  are  very  simple.  In  the  species  living  under  rocks  and  in  caves, 
Ch.  agassizii,  there  is  a  high  development  of  the  tactile  organs,  with  a 
more  perfect  eye  than  in  those  living  in  the  open.  These  fishes  were 
adapted  to  do  in  part  without  light  before  they  entered  the  caves  and 
before  their  eyes  had  become  seriously  degenerate. 

With  the  subsequent  suppression  of  the  eye  in  darkness  natural  selec- 
tion can  not  have  operated,  as  Lankester  supposed,  for  species  of  the 
Amblyopsidic  with  well-developed  eyes  still  live  in  the  caves  by  the  side 
of  those  with  mere  vestiges  of  eyes. 
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Amblyopsidw,  whether  blind  or  seeing,  if  kept  in  an  aquarium  dark- 
ened at  one  end  seek  the  dark.  They  were  not  swept  Into  the  caves,  but 
entered  them  deliberately  and  avoided  coming  out  into  the  light.  In  short, 
they  were  able  to  establish  themselves  in  caves  because  they  were  able  to 
do  without  light,  having  simplitied  eyes  and  highly  developed  sense  organs; 
they  do  not  possess  highly  developed  sense  organs  and  degenerate  eyes 
because  they  were  accidentally  swept  into  caves.  The  further  degenera- 
tion of  the  eye  in  total  darkness  and  the  greater  i)erfection  of  the  sense 
organs  are  separate  questions. 


The  Amblyopsidae  and  Eyes  op  Blind  Fishes.     By  C.  H.  Eigenmann. 

[Abstract.] 

Our  knowledge  of  the  eyes  of  the  North  American  blind  fishes 
is  based  on  the  result  of  gross  dissections  of  Amblyopsis  made  by 
Wyman  before  1872  and  on  a  brief  account  of  the  eyes  of  two  specimens 
of  Typhllchthys  by  Kohl  (1805)i  Kohl's  specimens,  coming  from  Missouri. 
were  made  to  do  duty  for  the  blind  fishes  in  general.  His  paper  is  poor  in 
the  material  examined  and  entirely  pei-verse  in  his  interi)retation  of  tlie 
conditions  observed.  He  does  not  state  the  habitat  of  his  specimens.  A 
comparative  study  of  the  eyes  of  Typhllchthys  from  Mammoth  Cave  and 
from  Missouri  led  me  to  suspect  that  his  specimens  came  from  Missouri, 
and  in  this  I  found  I  was  correct.  The  Typhllchthys  inhabiting  the  under- 
ground streams  of  Missouri  is  very  different  from  that  inhabiting  Mam- 
moth Cave,  and,  unfortunately  for  the  generalizations  of  Kohl,  the  differ- 
ence lies  in  the  structure  of  the  eye. 

The  North  American  blind  fishes  are  especially  favorable  for  the 
study  of  degeneration  and  of  many  questions  l>earlng  on  the  origin  of 
cave  faunas  l>ecause  they  have  seeing  representatives  living  in  the  open 
and  others  living  with  them  in  the  caves. 

The  members  of  the  Amblyopsldie  and  their  distribution  is  as  follows: 

Chologaster  cornutus.  Abundant  in  the  lowland  swamps  of  South- 
ern States. 

Chologaster  agassizii.  Subterranean  streams  in  Tennessee  and  Ken- 
tucky and  probably  identical  with  the  next. 
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Cholopaster  papilliferus.  In  springs  of  Union  and  Jackson  counties. 
Illinois. 

Amblyopsls  spelaeus.  Widely  distributed  in  underground  streams  in 
the  Ohio  valley. 

Typhlichthys  subterraneus.  Subterranean  streams,  chiefly  south  of 
the  Ohio  River. 

Typhlichthys  rosce.    Subterranean  streams  west  of  the  Mississippi. 

All  have  been  examined  except  the  Chologaster  agassizii.  Chologaster 
papilliferus  possesses  the  most  highly  developed  eye,  but  even  in  it  there 
are  many  signs  of  degeneration:  in  Chologaster  cornutus  the  outer  nuclear 
and  inner  nuclear  layers  have  each  been  reduced  to  a  single  series  of  cells, 
and  the  ganglionic  layer  to  cells  widely  separated  from  each  other.  The 
lens  and  vitreal  body  are  still  apparently  normal.  In  all  the  other  spe- 
cies examined  the  lens  and  the  vitreal  cavity  are  minute  or  absent. 

The  ganglionic  layer  is,  in  Amblyopsls  and  T.  subterraneus,  a  central, 
solid  mass  of  cells;  in  T.  rosji*  even  this  has  disappeared,  and  the  eye  has 
been  reduced  to  0.040  mm.— 0.050  mm.,  or  to  one-third  the  diameter  of  the 
eye  of  T.  subterraneus.  The  result  of  degeneration  is  not  the  same  on  the 
same  layers  in  the  different  species.  The  degeneration  is  not  the  result 
of  arrested  development  or  of  ontogenic  degeneration.  The  eye  of  the 
blind  fish  reaching  its  greatest  point  of  degeneration  in  T.  rosa*,  is  the 
result  of  phyletic  degeneration,  begun  before  the  fish  entered  the  caves. 
The  degenerate  eye  is  not  primarily  due  to  the  cave  habitat.  The  eyes 
of  those  si)ec'ie8  living  in  the  light  are  prophetic  of  the  eyes  of  those  living 
in  the  dark. 


A  New  Blind  Fish.     By  C.  H.  Eioenmann. 

[Abstract.] 

In  the  caves  of  Missouri  lives  a  species  of  Typhlichthys.  It  is  known 
from  the  description  of  Oarman  of  its  outer  form,  the  description  of  its 
habits  by  Miss  Iloppin  and  from  the  description  of  its  eye  by  Kohl.  In 
external  characters  it  is  very  similar  to  Typhlichthys  subterraneus  from 
the  Mammoth  Cave.  It  differs  from  that  species  widely  in  the  structure 
of  the  eye.  This  trans-Mississippi  species  has  been  nametl  rosa*  for  the 
rediscoverer  of  the  California  Typhlogoblus.  a  pioneer  in  the  study  of 
Biology  among  women,  Mrs.  Rosa  Smith  Eigenmann. 
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The  Habits  of  Amijlyopsis.     By  C.  H.  Eioknmann, 


The  Blind  Salamanders  of  Nohtji  America,  with  Specimens. 

By   C.  H.  EUiENMANN. 


Notes  on  the  Embryol'oy  of  Paraoordius  (Gordius)  varius  (leidy). 

By  Albert   B.  Ulrey. 

[Abstract.] 

During  the  latter  part  of  last  sdmnier  I  had  the  good  fortune  to  find 
a  lot  of  eggs  of  Paragardina  (Gordius)  varius  (lieldy).  This  small  thread- 
worm is  familiar  to  nearly  every  one  as  the  common  horsehair  worm 
found  in  streams,  ponds  and  frequently  in  watering  troughs. 

The  life  history  of  the  worm  is  known,  In  a  general  way.  to  all  zoolo- 
gists. It  is  well  understood,  of  course,  that  the  very  common  supersti- 
tion regarding  the  origin  of  the  worm  from  the  horse's  hair  has  no  more 
foundation  in  fact  than  a  superficial  resemblance. 

There  are  three  well-marked  phases  in  the  life  history  of  <5ordius. 
First,  a  free  living  larval  stage.  Second,  a  parasitic  phase  in  which  the 
host  is  (a)  some  aquatic  insect,  and  later  on  (1))  more  commonly  the  fish 
becomes  infested  by  feeding  on  the  insecrt  containing  the  larvte.  Third, 
the  adult  or  sexually  mature  stage. 

While  the  general  coui*se  of  development  has  been  known  for  a  num- 
ber of  years,  there  still  remains  much  uncertainty  concerning  the  details 
of  its  development,  and  there  Is  absolutely  nothing  known  as  to  many 
points  in  its  life  history.  As  a  result  of  these  gaps  In  our  knowledge  of 
these  animals  their  relationships  are  not  well  understood.  Some  investi- 
gators believe  that  their  affinities  are  with  the  segmented  worms,  while 
others  maintain  that  they  are  to  be  grouped  with  the  Nematodes. 

It  was  with  the  belief  that  a  more  comi>lete  knowledge  of  the  details 
of  development  of  these  forms  might  throw  some  light  on  their  systemaiir 
position  that  I  began  this  study. 

The  work  is  beset  with  numerous  difficulties,  among  which  may  l>e 
mentioned  the  extremely  minute  size  of  the  egg  and  the  well-known  diili- 
culty  of  sectioning  eggs  of  this  character.    I  have  given  my  attention  thus 
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far  mainly  to  the  study  of  the  living  eggs  and  larvje  and  the.  methods 
which  would  enable  me  to  section  them  successfully.  I  have  made  a 
series  of  photographs  of  the  living  embryo  from  the  time  of  the  first 
segmentation  of  the  egg  to  the  adult  larval  stage.  A  series  of  sections  has 
also  been  made  corresponding  to  the  stages  represented  by  the  photo- 
graphs. 

While  engaged  in  this  part  of  the  work  some  facts  were  demonstrated 

« 

which  it  was  believed  might  have  some  value  and  be  of  general  interest 

to  the  Academy  at  this  time. 

The  following  notes  are  presented  as  a  slight  contribution  to  our 
knowledge  of  the  embryology  of  the  American  forms  of  Gordlidfle: 

1.  Concerning  the  early  cleavage  of  the  egg  there  has  been  not  a 
little  disagreement  among  authors.  Villot  maintains  that  the  cleavage  is 
regular,  while  the  figures  of  Camerano  show  that  there  is  much  irregular- 
ity. In  a  series  of  photographs  of  the  eggs  of  Paragordiua  (Oordius) 
varius  (Leidy)  it  is  clearly  seen  that  the  first  segmentation  is  total  and 
the  resulting  spheres  are  approximately  equal  in  size.  A  large  number  of 
eggs  vore  observed  showing  equal  segmentation.  The  sections  prepared 
also  show  this  method  of  division. 

In  other  series  of  the  photographs  are  shown: 

2.  The  development  of  the  egg  until  an  oval  mass  of  cells,  the  blastula, 
is  formed. 

3.  Segmenting  eggs  still  inclosed  in  the  mass  which  binds  them 
together  into  threads. 

4.  Surface  views  of  the  formation  of  the  gastrula. 

5.  The  larvjB  still  within  the  egg  membrane. 

6.  The  larvje  freed  from  the  egg  membrane,  some  with  the  proboscis 
extended  and  others  in  which  it  is  retracted. 

The  embryos  were  all  photographed  while  living  except  the  specimens 
showing  the  protruded  proboscis. 

T!:^  figures,  together  with  drawings  of  the  sections  prepared,  will  be 
published  later. 
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"Quicksand  Pockets"  in  the   **Blue  Clay"  of  South  Bend.     By  W.  M. 

Whitten. 

The  public  water  supply  of  South  Bend  comes  from  artesian  wells 
driven  to  a  water-bearing  gravel  60  to  80  feet  below  the  surface  of  the 
St.  Joseph  River.  In  this  gravel  the  water  is  under  a  pressure  sufficient 
to  raise  it  about  25  feet  above  the  river. 

The  impervious  stratum  which  confines  this  water  is  locally  known  as 
blue  clay.  This  deposit  is  from  13  to  50  feet  in  thickness,  and  the  territory 
in  which  wells  can  be  obtained  which  flow  at  approximately-  the  sann? 
level,  indicates  that  it  is  several  miles  in  extent. 

Between  the  blue  clay  stratum  and  the  water-bearing  gravel  is  a 
deposit  of  what  is  locally  known  as  quicksand,  which  varies  in  depth  from 
10  to  40  feet. 

Throughout  the  deposit  of  blue  clay,  distributed  somewhat  like  boul- 
ders in  the  drifts  are  numerous  masses  of  the  quicksand,  which  are  locally 
known  as  "quicksand  pockets."  These  are  of  all  shapes  and  vary  in  size 
from  a  few  cubic  inches  to  many  cubic  yards. 

The  record  of  Iwrings  of  well  No.  21  shows  the  following  strata: 

.  Sand 20  feet. 

Blue  clay 31  feet. 

Quicksand 24  feet. 

Gravel 1(>  feet. 


ADd  niny  b«  reiircpputed  by  tbe  followlog: 


O 

-WAT£ffB£A/f/A/6    "    6JPAVtl 


^—Surface  tail  rand. 

£— Blot  cIbt  caiiUmin("quickiBnd  pooketa." 

O-Quickaand. 

i>-Waler-boarin«BraTel. 

Botli  the  C'Iny  and  iiiilcktinnd  niv  entirely  free  from  iwbhU'fi.  so  mucti 
so  that  niitwitlistuudtiig  they  i-uutiiln  ik  large  iHU'toulage  of  lime  (10  to  H 
per  (-('111. I,  the  lutcrcdleuts  are  so  tlnely  I'ulverizcJ  that  uo  dumage  bns 
ever  been  hnowii  to  oct'ur  rrom  the  foriiiiitluii  uC  quicklliue  In  burning 
wares  made  from  tlieni.  The  clay  la  aliiii>sl  entirely  free  fnnu  grit  and 
tbe  <iiil('ksan(l  eontnins  only  extremely  tine  saud.  Tbesc  fucte  Indicate 
that  iMilli  have  Drljriiially  heen  deiHiwited  III  quiet  water.  Tliere  Is,  how- 
ever, no  liidicatliin  of  Btntl  Ifleatli.ii  to  be  found  In  the  einy,  but  on  the 
contrniT  'lie  enlfiv  de|iofilt  (ko  fur  as  it  Imtt  iK'en  oliserved)  has  tbe 
nppearanee  of  havinj!  heeii  greatly  dlsturlied  and  HUbJeeted  to  a  kneading 
l»roeeHS.  Mon'ovi-r.  iliu  iireaenee  of  these  detached  masses  of  nulokcand 
in  the  body  of  clay  pivdnUea  tbe  snppoBitlou  that  the  mass  as  a  wbolc 
remains  as  originally  deposited. 
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Chemically  the  clay  and  quicksand  differ  much  less  than  any  one 

acquainted  with  their  characteristics  would  imagine,  as  the  following 
analysis  shows:* 

Quichand.  Blue  Clay. 

Per  Cent.  Per  Cent. 

Water  and  carbonic  acid 18.03  17.38 

Silica  (SiOa) 49.48  45.89 

Lime  (CaO)   10.66  13.44 

Magnesia  (MgO) 7.69  7.67 

Alumina  (AljOj) 7.80  9.05 

Iron  oxid  (FeaOg) 5.30  5.68 

Titanic  oxid  (TiO,) .27  .21 

99.23  99.32 

In  general  appearance,  also,  the  two  are  quite  similar,  yet,  on  close 
examination,  the  limits  of  the  "pockets**  are  easily  determined.  Within 
these  limits  the  material  is  distinctly  "quick  sand,"  while  without  the 
limits  it  is  as  distinctiyely  clay.  The  clay  deposit  has  been  used  quite 
extensively.  It  makes  a  fine  white  or  cream-colored  building  brick,  and 
when  vitrified  makes  a  good  street  paver.  It  is  also  used  In  the  manu- 
facture of  Portland  cement.  But  manufacturers  find  that  an  admixture 
of  the  quicksand  makes  the  clay  difficult  to  mold  by  machinery,  prevents 
the  uniform  vitrification  necessary  for  good  street  pavers,  and  totally 
destroys  its  value  as  an  ingredient  In  the  manufacture  of  Portland  cement. 
These  quicksand  pockets,  therefore,  injure  the  commercial  value  of  the 
deposit. 

The  presence  of  these  pockets,  filled  as  they  are  with  material  differ- 
ing from  that  which  immediately  surrounds  them,  but  identical  with  that 
which  underlies  the  deposit,  together  with  the  fact  that  the  clay  appears 
to  have  undergone  much  disturbance,  suggests  the  possibility  that  their 
contents  may  have  come  from  the  quicksand  stratum  beneath  the  clay. 

The  base  of  the  clay  has  not  been  reached  by  any  excavation  and, 
therefore,  no  opportunity  has  been  afforded  to  examine  the  lower  portion 
of  the  deposit,  but  at  the  town  of  Mishaw^aka,  four  miles  east  of  South 
Bend,  I  had  an  opportunity  during  the  past  season  of  observing  somewhat 
similar  phenomena.  In  a  sewer  trench  on  Second  street,  in  that  town, 
there  appears  a  deposit  of  clay  from  one  to  four  feet  thick,  overlying 


•Analysis  by  Wm.  M.  Whitt«n,  Jr..  B.  S.,  M.  S. 
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clean  sand.  Six  hundred  feet  of  the  trench  passed  through  this  formation 
and  in  this  distance  I  saw  quite  a  number  of  masses  of  sand  embodied  in 
the  clay,  forming  **pockets"  of  sand  in  this  clay  deposit  very  similar  to  the 
"quicksand  pockets"  in  the  "blue  clay"  of  South  Bend. 

These  masses  of  sand  were  compact,  and  as  distinct  from  the  clay  as 
a  boulder  of  granite  or  limestone  would  be,  and  their  boundaries  were 
almost  as  sharply  defined. 

At  the  base  of  the  clay  there  appeared  what  might  be  taken  for  sand 
pockets  in  different  stages  of  formation.  At  one  point  there  was  a  slight, 
but  distinct  upward  curve  in  the  clay,  which  was  filled  with  sand,  as  at 
"a**  of  the  following  "section."  This  might  be  taken  as  the  beginning  of  a 
sand  "pocket."  At  another  point  this  was  more  pronounced,  as  at  "b," 
and  may  have  been  a  sand  pocket  further  developed;  and  at  one  point 
there  was  a  mass  of  sand  about  one  foot  In  diameter  almost  completely 
surrounded  with  clay,  leaving  a  neck  of  only  two  or  three  inches  of  sand 
to  connect  It  with  the  sand  deposit  below,  as  at  "c." 


SECTION  OF  SEWER  TRENCH  ON   SECOND  STREET,    MISHAWAKA. 


* ►:.•.'  >  • .  ;  .  -••••..•.  .    .  •  •    .  •  •     .  •  ..•.••:  .  • .  .  •*.•.•.••  • .     •  •  • .  • .  •  v   •  • 
V^*'-      -  T  f  ..•■.■•    r  ••••-.  • •        .       •■    • -^ — ■  ;  •  r 


A — Surface  soil,  unstratified.  6— Sand  pocket  further  developed, 

if— Cl»y  deposit  containinfir  sand  "  pockets."  c— Sand  pocket  nearly  complete. 

C— Sand,  water  laid.  e,  e,  t  and  \ — Sanll  pockets  complete, 
u— Sand  pocket  beginniner. 

At  points  where  pockets  were  near  the  top  of  the  clay  there  seemed  a 
tendency  to  raise  the  clay  above  the  level  of  the  body  of  that  deposit, 
as  at  "h." 


Soon  after  the  meetinfc  of  the  Academy  the  oxcavatioD  of  the  trench  further  east  on  the 
fame  street  disclosed  another  clay  deposit  in  which  ail  the  different  phases  of  sand  pockets 
were  present  and  constituted  a  much  larger  percentage  of  the  mass. 
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These  fiu-tii  se^iu  tn  iu<]lcat)>  tbnt  tliPHC  maHson  or  xniKl  bave  lM>eu 
gfltlii-red  up  from  tbe  nnderl.vlug  ptrota  riiO  ralwd  partlj'  or  wliolly 
tlirotijib  tbo  clfty  to  tlie  iwisillou«  In  wblch  tboy  weri'  fouQil.  It  ho,  lh<?  snmo 
forw  iiilubt  l)e  invoked  to  All  the  "iiockets"  iu  the  ■■bine  tlay"  at  Soiitli 
Benil  with  the  i|iili-ksniiJ  uudMlyfnK  that  deiHixit. 

n  lj<  (liHicull,  however,  to  eoneoive  of  tlieae  detiichpil  lioUles  of  sainl 
retaining  their  dlBtioctlve  chnracter  and  a  compact  form  wbllo  being  trans- 
ferreil  fn)ni  the  iiiiilerlylUK  strata  to  tbe  [josltlons  In  wblch  tbuy  were 
foanil.  unlesB  tbcy  wer(!  solidly  frozen  durlug  tbe  process,  for  ollierwlsf 
they  would  have  lost  their  Identity  and  simply  tiecomc  mixed  wltb  the 
clay.  Tbe  beat  explnuntlun  of  tbese  facts  that  I  can  think  of  Ik  to  iiKHume 
that  during  a  retreat  of  the  Ice  the  sand  deposit  bas  lieen  iim-overcd  and 
Bolldly  frozen,  and  In  tbat  state  has  been  overridden  by  the  re-odvancing 
U'e.  at  the  Imwe  of  whlfb  tbe  clay  was  transport e<l,  and  that  froKt-n  Crng- 
uients  of  sand  bave  Ix-en  doluclied  from  tbe  main  lH>dy  of  that  dejwslt  and 
rnlsed  (o  the  position  lu  wblch  tbey  were  found,  In  tbe  naiuc  manner  that 
frapinenis  of  rock,  over  whli.'h  glaciers  move,  are  said  to  become  detached 
and  raised  by  tbe  inoveiiient  of  the  lee. 

Some  plaufilblllty  is  given  to  tbe  above  asBumptlbn  by  a  study  of  the 
following  section  of  a  sewer  trentb  excavated  on  I.elaud  avenue,  SoutI) 
Bond,  In  18W.    Tbe  ti'eueh  riinn  north  and  south: 


j(— Shona  surface  eoil.  »nd  and  urnTel. 

B—Cltf  depcitit  trom  I  tu  4  fset  thick,  unt 

O-Fioe  PHnd,  containlnR  diidnot  huriion 
krefBu[tedMH,K,LBDdN. 

o,o,o-ArBiirtc-lil»inM»eiofdiij'oitcn 
DlrstiBed  asad  a  diataoce  of  frain  4  to  S  feet. 
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The  dikes  crossed  the  trench  about  N.  GO  degrees  E.  and  S.  GO  degrees 
W.  They  were  from  4  to  12  Inches  in  width  and  were  nearly  vertical  from 
the  clay  down  to  a  depth  of  2  or  3  feet,  and  then  curved  to  the  north- 
ward more  and  more  as  the  depth  increased.  At  their  junction  with  the 
main  body  the  clay  was  compact  and  solid,  but  further  down  it  became 
lumpy,  the  lumps  having  the  appearance  of  having  been  rolled  and  rubbed 
over  sand,  and  intermingled  with  the  lumps  was  an  amount  of  sand 
increasing  with  the  depth.  The  lower  portion  of  the  dikes  had  the  appear- 
ance of  having  been  filled  by  dry  sand,  and  the  clay  lumps  dropped  in 
loosely  from  above. 

At  the  junction  of  the  dikes  with  the  main  body  of  clay  the  angle  on 
the  south  side  was  rounded  off  while  on  the  north  side  the  angle  was 
sharp,  and  was  less  than  a  right  angle  and  in  some  cases  became  quite 
acute.  The  line  of  contact  at  base  of  the  clay  indicated  that  a  rubbing 
movement  had  taken  place  from  the  north  or  northwesterly  to  the  south 
or  southeasterly.  The  lower  half  of  the  dikes  were  so  nearly  horizontal 
that  they  could  not  have  been  tilled  by  claj'  and  sand  dropping  from  the 
top.  From  the  nature  of  the  tine  sand  it  would  be  impossible  to  open 
crevices,  or  cracks,  therein,  to  be  filled  with  the  clay  from  above,  unless 
the  sand  were  frozen  solid.  From  these  facts  I  conclude  that  the  strati- 
fied sand  must  have  been  deposited  with  the  horizontal  markings  continu- 
ous across  the  dikes,  where  thej*  are  now  faulted.  That  in  this  condition 
the  sand  was  frozen  during  an  interglacial  period,  or  a  temporary  retreat 
of  the  ice.  While  so  frozen  some  convulsion  opened  cracks  or  fissures  in 
the  frozen  sand  to  the  depth  of  the  dikes,  and  probably  pro<luced  the 
faults  in  the  horizontal  stratification  at  the  same  time;  that  when  so 
opened  the  tissures  were  so  nearly  vertical  that  clay  lumps  and  sand  from 
the  top  could  dro^)  to  the  bottom;  that  while  in  this  condition  the  sand 
with  its  open  tissures  was  overridden  by  ice,  the  base  of  which  transported 
or  shovetl  the  clay  over  the  sand,  rubbing  off  particles  of  clay  and  sand  to 
fall  to  the  bottom  of  the  crevices  until  the  dikes  were  formed  (and  in  this 
connection  it  may  be  of  interest  to  state  that  in  the  bottom,  or  toe,  of  one 
of  these  dikes  I  found  well  preserved  bits  of  wood). 

That  after  the  crevices  were  filled  the  sand,  protected  by  ice  and  clay 
from  the  low  temperature  to  which  it  had  been  exi)osed.  gradually 
thawed  out  from  below  by  the  heat  of  the  earth.  That  the  movement  of 
the  clay  was  communicated,  to  some  extent,  to  the  sand  beneath  it,  the 
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surface  moving  faster  than  the  lower  strata,  thus  producing  the  curved 
position  of  the  dilies  and  rounded  edges  on  one  side  and  the  acute  angles 
on  the  other  side  of  the  dilces,  where  they  joiq  the  main  body  of  clay. 

I  do  not  recall  any  "pockets"  of  sand  in  the  clay  in  this  trench,  but 
at  that  time  I  probably  should  have  given  little  attention  to  them  had 
they  been  there,  and  this  may  be  an  instance  of  "seeing  without  perceiv- 
ing," but  the  facts  above  stated,  clearly  indicate  that  frozen  sand  may  be 
expected  to  act  as  other  rocks  act  under  like  conditions. 

No  surprise  would  be  occasioned  by  finding  a  sandstone  boulder  raised 
from  its  bed  and  incorporated  in  the  drift  clay.  The  grains  of  sand  may 
be  united  as  firmly  by  congealed  moisture  as  by  some  of  the  cements  that 
unite  the  grains  of  sandstone,  and  therefore,  if  it  be  conceded  that  frozen 
sand  may  be  overridden  by  advancing  ice,  it  is  not  unreasonable  to  con- 
clude that  masses  of  the  frozen  sand  might  be  detached  from  the  main 
l>ody  and  raised  and  incorporated  in  the  drift  in  the  same  manner. 


The  Cady  Marsh.     By  T.  H.  Bali^ 

Among  the  physical  features  of  I^ake  County,  Indiana,  of  interest  to 
the  scientific  observer  is  one  known  as  the  Cady  Marsh.  It  covers  mainly 
what  are  now  sections  28,  29  and  30,  in  township  .3G,  range  8,  west,  and 
sections  25,  26,  27,  28,  29  and  30,  in  range  9,  west,  also  in  township  36. 

It  is  now  crossed  by  the  Chicago  &  Erie  Railway,  and.  in  part  by  the 
Orand  Trunk.  Three  wagon  roads  now  cross  it,  and  one  large  ditch,  the 
II art  Ditch,  cuts  its  western  expansion. 

It  was  originally,  that  is,  sixty-three  years  ago,  when  it  was  first  seen 
by  the  white  settlers,  covered  with  water.  It  was  considered  dangerous 
for  a  man  to  undertake  to  cross  it  on  horseback. 

It  lies  between  two  of  the  great  sand  ridges  of  Lake  County.  Thes(> 
two  ridges  coming  together  some,  five  miles  from  the  east  line  of  the 
county,  define  its  eastern  limit,  and  as  the  northern  ridge  runs  nearly  west 
into  Illinois  and  the  southern  passes  south  of  west  also  into  the  State  of 
Illinois,  the  western  expansion  of  this  marsh  joins  with  other  lowland 
which  on  an  early  map  of  Indiana  was  called  Lake  George.  The  water  in 
that  so-called  lake  is  siiid  to  have  been  from  about  two  to  seven  feet  in 
depth.  This  early  I^ake  George  has  been  drained  by  the  great  Hart  Difcli. 
which  pas.ses  from  Dyer  on  tbe  Slate  line,  and  running  a  little  east  of 
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north  across  five  sections  of  land,  once  water,  Into  the  Little  Calumet, 
makes  a  broad,  deep  cut  in  the  northern  sand  ridge  one  mile  west  from 
Highland. 

The  Cady  Marsh  proper  may  now  be  best  examined  by  passing  along 
the  road  from  the  present  town  of  Griffith  to  the  old  stage  road  along  the 
north  sand  ridge.  The  distance  across  is  little  more  than  a  mile.  The 
road  crosses  section  26  and  has  a  ditch  on  each  side. 

It  is  not  probable  that  the  composition  of  this  marsh,  as  to  Its  surface, 
is  uniform,  but  there  is,  first,  a  layer  of  peat,  from  ten  to  sixteen  inches  in 
depth,  then  four  feet  of  sand,  below  this  about  sixteen  feet  of  clay  and 
then  gravel  or  sand.  The  depth  to  rock  no  one  as  yet  probably  knows.  In 
early  times,  when  covered  with  water,  of  course  fires  did  not  run  over 
this  marsh,  but  since  it  has  become  comparatively  dry  fires  get  started  in 
some  way;  they  cannot  well  be  extinguished;  and  they  have  destroyed 
large  areas  of  the  peat  surface,  burning  sometimes  through  an  entire 
winter.  Several  years  ago  quite  a  quantity  of  this  peat  was  dug  or  cut 
out  and  prepared  for  market,  but  it  could  not  compete  with  coal  and  the 
industry  was  abandoned.  From  the  southern  sand  ridge,  along  the  road 
mentioned,  sand  now  washes  in  large  quantities,  filling  up  the  ditches 
along  the  road  for  forty  or  sixty  rods.  The  flow  of  the  water  is  toward  the 
north  and  west.  The  ridge  along  the  north  end  of  this  road,  where  the 
east  and  west  road  is  reached,  is  about  forty  rods  wide  at  the  base  and 
about  forty  feet  to  the  crest  of  the  ridge,  so  that  an  immense  bank  of 
sand  lies  along  the  north  of  this  marsh,  and  Just  north  of  this  bank  comes 
the  Little  Calumet  bottom  land,  which,  between  Highland  and  Hessville, 
is  often  in  the  spring  flood  times  covered  with  water  for  a  mile  in  width. 
The  Chicago  &  Erie  Railway  crosses  the  Cady  Marsh  between  Griffith  and 
Highland.  At  present  portions  of  this  ond^  wet,  impassable  marsh  are 
cultivated  and  the  land  Is  quite  productive.  A  few  houses  have  been 
built  on  it,  and  it  is  becoming  a  valuable  part  of  the  cultivated  area  of 
Lake  County.  It  was  a  great  resort  once  for  "bobolinks,"  but  they  have 
nearly  deserted  it  now. 

As  to  its  formation,  if,  as  seems  probable,  the  water  of  Lake  Michigan 
many  years  ago  extended  to  the  southern  large  sand  ridge  of  Lake 
County  and  remained  for  quite  a  time  stationary  north  of  the  great  High- 
land, or  old  Stage  Road  ridge,  then  the  sand  now  over  this  depression 
between  the  ridges,  which  depression  was  left  full  of  water,  was  washed 
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on  probably  from  the  southern  ridge,  as  It  is  worliing  on  along  the  ditches, 
still,  as  that  ridge  itself  may  have  been  washed  up  before  the  first  reces- 
sion took  place,  from  the  depths  of  Lalie  Michigan.  The  peat  on  that 
marsh  now  is  a  quite  new  or  fresh  formation,  liaving  come  from  the  roots 
of  the  vegetation  that  sprang  up  when  the  water  had  largely  receded. 

But  these  operations  of  nature,  of  large  interest  always,  and  especially 
when  we  can  observe  them  for  a  few  years,  are  mostly  speculative,  rather 
than  certain.  The  writer  of  this  has  luul  an  opi)ort unity  to  observe 
through  the  space  of  forty  years,  and  therefore  to  know  with  certainty 
with  w^hat  great  rapidity,  in  some  places,  during  heavy  rainfalls,  sand 
will  be  washed  over  a  large  area  of  bottom  land.  lie  has  seen  prodigious 
quantities  of  sand  and  gravel  removed  quite  a  distance  by  successive  rain- 
falls. 


Pbeliminary  Work  for  the  Approximate  Determination  of  the  Time 
Since  the  Retreat  of  the  TF'ibst  Great  Ice  Sheet. 

By  Glenn  Culbertson. 

It  was  with  the  desire  of  obtaining  a  close  approximation  to  the  time 
which  has  elapsed  since  the  retreat  of  the  Kansan  or  flrst  great  ice  sheet 
that,  during  the  past  summer,  the  two  most  important  waterfalls— Clifty 
and  Butler— in  the  vicinity  of  Madison  and  Ilanover,  Jefferson  County. 
Indiana,  were  visited  by  me  and  the  work  to  be  described  was  performed. 

The  well-known  Clifty  Falls,  over  which  the  water  leaps  a  vertical 
distance  of  seventy  feet,  was  the  flrst  visited.  Into  drilled  holes  steel 
rods  were  driven  vertically  to  the  depth  of  twelve  or  more  inches  in  the 
solid  limestone  of  the  stream. bed  at  a  distance  from  the  precipice  over 
which  the  water  falls,  and  accurate  measurements  from  the  i*ods  to  the 
edge  of  the  precipice  were  made  and  recorded. 

Butler  Falls,  which  is  located  about  one-half  mile  south  of  Hanover, 
and  over  which  the  water  falls  eighty  feet,  was  also  visited  and  similar 
measurements  made  and  recorded. 

The  falls  in  both  cases  are  caused  by  the  presence  in  the  stream  beds 
of  very  durable  strata  of  limestone,  chiefly  of  the  Madison  and  Clinton 
formations,  and  which  is  of  very  uniform  texture  and  hardness  over  the 
region  referred  to.  The  rate  of  valle3'  growth  toward  the  head  is  governeil 
by  the  erosion  or  undermining  of  these  rocks. 
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A  steel  nxi  was  also  driven  horizontally  into  a  drilled  hole  in  the  even- 
texttired  but  softer  rock  of  the  vertical  or  overhanging  walls  of  the  amphi- 
theater-like excavations  beneath  the  falls,  and  in  each  case  a  mark  w^as 
made  upon  the  rod  from  which  from  time  to  time  measurements  can  be 
made  as  the  gradual  weathering  of  the  rock  continues. 

The  excavations  beneath  the  falls  are  caused  chiefly  by  the  saturation 
of  the  rock  by  means  of  spray  and  mist  carried  by  waterfall  breezes  or 
winds  during  winter  floods,  when  frosts  follow  and  complete  the  process. 
Better  results  will  in  all  probability  be  obtained  from  the  measurements 
of  the  weathering  beneath  the  falls  than  from  those  upon  the  eiige  of  the 
I)recipice,  since  the  rate  of  weathering  beneath  is  quite  uniform  and  since 
the  wearing  away  of  the  softer  rock  beneath  determines  largely  the 
amount  of  breaking  away  and  falling  of  the  harder  rocks  above. 

By  means  of  data  obtained  from  such  measurements  during  a  period 
of  years,  a  close  approximation  to  the  rate  of  valley  erosion  can  be 
obtained.  These  data  taken  in  connection  with  the  length  of  the  valleys 
from  the  Ohio  River  to  the  falls,  which  in  the  case  of  Butler  ravine  or 
valley  is  approximately  3,100  feet,  and  in  the  case  of  Clifty  is  11,000  feet 
will  give  us  an  approximation 'of  the  time  since  the  streams  began  work  on 
the  valleys. 

The  topography  of  these  valleys  and  of  the  surrounding  region,  which 
gives  every  indication  of  the  youthful  stage  of  erosion,  together  with  evi- 
dence of  another  character,  indicates  that  these  valleys  have  been  eroded 
since  the  retreat  of  the  Kansan  or  first  great  ice  sheet.  This  ice  sheet  not 
only  covered  all  the  region  referred  to,  but  crassed  the  Ohio  Valley,  if  the 
valley  were  there  at  that  time,  and  advanced  at  least  twelve  or  fifteen 
miles  beyond  in  Trimble  County,  Kentucky.  All  the  region  was  planed 
off  to  essentially  the  same  level,  and  there  are  now  within  one  and  a  half 
miles  of  the  Ohio  lUver  undrained  flats  produced  by  glacial  action. 

A  close  approximation  to  the  time  required  to  erode  these  valleys 
'should,  then,  give  a  fairlj'  accurate  approximation  of  the  number  of  mil- 
lenniums that  have  passed  since  the  disappearance  of  the  flrst  great  ice 
sheet  from  tlie  borders  of  the  glaciated  region.  This  period,  even  approxi- 
mately obtained,  will  be  of  great  importance  in  ascertaining  the  causes  of 
glacial  periods,  as  well  as  being  of  interest  in  the  discussh)n  of  other  prob- 
lems of  imi>ort. 
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Note  on  Fault  Structure  in  Indiana.    By  Geo.  H.  Ashley. 

It  has  long  been  a  prevalent  idea  with  Indiana  geologists  that  ih\» 
State  is  practically  without  faults  or  fault  structure.  Prof.  E.  T.  CJox,  for 
many  years  State  Geologist,  says  in  his  last  report:*  "Not  a  single  true 
fault,  or  upward  or  downward  break  and  displacement  of  the  strata  has 
yet  been  discovered.**  Prof.  John  Collett,  so  long  a  student  of  Indiana 
geology,  says  in  describing  Badger  Bros.'  mine  in  Sullivan  County  :t  "An 
interesting  feature  of  this  mine  was  the  discovery  of  a  vertical  dike  or 
wall  of  inclusive  clay,  one  foot  wide,  running  a  little  east  of  north.  This 
is  the  only  fault,  though  here  only  a  separation,  that  I  have  met  with  In 
the  coals  of  Indiana,"  etc. 

In  view  of  such  statements  by  the  earlier  workers,  repeated  by  some 
of  the  more  recent  workers,  it  was  not  without  surprise  that  the  writer 
found  that  faults  not  only  existed  in  the  State,  but  were  abundant  and  well 
exposed.  It  may  be  that  this  is  truer  of  the  coal  measure  area  than  of 
the  rest  of  the  State.  Certain  it  is  that  the  extensive  mining  of  the  coal 
gives  a  better  opportunity  for  the  study  of  these  phenomena  than  is 
granted  elsewhere,  and  further,  tlie  displacement  of  a  coal  bed  is  more 
readily  noted  when  seen  in  a  bluff  or  other  exposure  than  a  displacement 
in  most  other  rocks. 

The  ligures  accompanying  this  note  are  selected  from  sketches  and 
photographs  made  while  engaged  in  a  survey  of  the  coal  area  of  the 
State  for  the  Department  of  Geology  and  Natural  Resources.  Time  did 
not  suffice  for  a  detailed  study  of  the  faults,  only  such  notes  being  ob- 
tained as  were  made  incidental  to  the  main  work. 

In  a  general  way  it  may  be  said  that  the  phenomena  observed  con- 
sist of  normal  faults,  either  single,  double,  wedge  or  step  faults,  sometimes 
accompanied  with  little  or  no  notable  crushing,  or  again  accompanied  by 
intense  and  extensive  crushing,  to  be  followed  by  the  Intrusion  of  clay  or 
other  substances;  reversed  or  overthrust  faults,  crushed  and  thickened 
strata,  due  to  tangential  pressure,  oblique  jointing  of  strata  due  to  the 
same  cause,  old  surface  crevices  tilled  from  above.  Normal  faults  predom- 
inate, with  down-throws  varying  from  a  few  inches  to  forty  feet  or  more. 
In  number  it  may  be  judged  from  their  abundance  wherever  extensive 


•1879.    8th,  9th  and  loth  Ann.  Rep.  Geol.  Surv.  of  Ind.,  p.  3. 
tl871.    2d  Ann.Rcp.Geol.Surv.of  Ind.,  p.205. 
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mining  or  good  bluff  exposures  give  an  opportunity  to  observe  tliera,  tliat 
Indiana  contains  thousands  of  faults  of  appreciable  down-throw.  In  some 
districts  there  is  hardly  a  mine  that  does  not  contain  from  one  or  two  to 
several  dozen. 

In  their  relation  to  the  general  structure  the  normal  faults  divide 
themselves  into  four  classes,  as  typified  in  figures  1  to  4,  plate  I.  In  the 
first  type,  which  might  be  called  the  monochinal  fault,  the  fault  is  simply 
a  fractured  monocline,  the  down-throw  of  the  fault  usually  not  being  as- 
great  as  the  differences  of  level  above  and  below  the  monocline.  Such  a 
fault  may  consist  of  a  single  break  or  of  two  or  more  breaks,  known  as- 
a  step  fault.  In  some  cases  the  same  fault  will  show  as  a  single  break  at 
one  point  and  as  a  step  fault  at  another  point,  as  in  the  case  illustrated  by 
figures  6  to  8  of  plate  I.  Figures  5.  9  and  10  further  illustrate  the  same 
type  of  fault 

In  the  second  type  of  fault  the  hade  is  in  the  opposite  direction  from 
the  general  dip.  Figures  11  to  13  of  plate  I  illustrate  this  type  of  fault. 
Such  a  fault  usually  occurs  as  a  series  of  breaks,  resembling  a  broken 
arch,  a  type  of  fault  common  in  the  western  part  of  the  United  States. 

Faults  of  the  two  types  mentioned  constitute  a  class  that  appears 
to  be  due  to  the  uneven  settling  of  the  Illinois  basin  area.  These  faults, 
taken  as  a  whole,  do  not  appear  to  have  any  uniformity  in  the  direction 
of  down-throw  or  of  strike.  However,  if  only  the  larger  faults  be  consid- 
ered, a  majority  of  them  trend  between  northeast  and  northwest  and  have 
the  down-throw  to  the  west.  There  are  so  many  notable  exceptions  that 
it  can  not  be  considered  as  a  rule.  Thus,  in  Martin  County,  from  Shoals 
westward,  the  dip  is  nearly  everywhere  observed  to  be  strongly  to  the 
west,  yet  so  many  faults  with  the  down-throw  to  the  east  occur  in  that 
region  that  the  strata  are  higher  five  mfies  west  of  Shoals  than  at  Shoals. 

In  the  third  and  fourth  types  the  faults  appear  to  be  due  to  quite  local 
causes,  as  the  strata  a  short  distance  on  either  side  are  on  about  the 
same  level.  Figure  14  of  plate  I  and  figure  2  of  plate  II  illustrate  the  two 
types,  respectively.  The  difference  between  the  faults  of  the  first  two 
types  and  those  of  the  last  two  are  ver>'  well  shown  in  the  effect  on  tlie 
driving  of  entries  in  the  mines.  Thus,  a  six-foot  fault  of  the  first  type 
necessitates  driving  the  entry  up  or  down  until  it  is  at  least  six  feet 
above  or  below  its  old  level,  according  as  the  fault  is  approached.  A  six- 
foot  fault  of  the  third  type  can  be  passed  with  little  or  no  change  of  level 
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In  the  entry.  A  possible  cause  of  faults  of  the  last  two  types  is  thought  to 
be  the  unequal  subsidenve  of  underlying  basins  of  coals.  In  a  basin 
where,  as  is  usually  the  rule,  the  coal  is  quite  thick  in  the  center  and  very 
thin  on  the  edges,  the  actual  shrinkage  is  much  greater  in  the  center  of  the 
basin  than  on  the  edges.  A  certain  percentage  of  this  shrinkage  is  known 
to  take  place  after  the  deposition  of  the  overlying  beds.  Where  a  channel 
has  been  cut  in  the  coal  and  filled  with  sandstone  an  irregular  belt  results 
which  resists  compression  much  more  than  the  coal  adjacent  and  might 
lead  to  a  fracturing  of  the  overlying  strata,  as  the  subse<iuent  unequal 
settling  takes  place.  This  is  suggested  merely  as  one  jwssible  cause  of 
such  faults.  These  faults  are  very  irregular  as  regard  course  and  direc- 
tion of  down-throw,  frequently  crossing  each  other,  sometimes  being  vc^y 
short  and  again  traceable  in  two  or  more  adjacent  mines.  In  the  Dugger 
Mini^.  Sullivan  Ck)unty,  three  faults  cross  each  other  in  the  same  vertical 
line  at  one  place. 

Considering  the  structure  of  the  faults  at  the  fault  line,  it  is  found  that 
frequently  the  fault  line  api>ears  sharp  and  clear  cut,  as  in  most  of  tue 
figures  of  plate  I,  and  it  is  only  on  very  close  examination  that  any 
crushing  can  be  dete<*ted.  In  other  cases,  however,  the  crushing  effect  has 
bt^en  intense  for  several  feet,  or  even  several  yards,  on  either  side  of  the 
fault  line.  This  often  occurs  where  the  down-throw  Is  hardly  noticeable. 
At  such  a  fault  there  is  very  apt  to  result  an  Intrusion  of  clay  or  other 
material,  making  clay  veins,  sandstone  veins,  etc.  Figures  [\  to  9  of  plate 
II  Illustrate  this.  The  way  the  pressure  has  forced  the  clay  out  in  irregu- 
lar streamers. as  in  figures  3  and  4, or  simply  forced  it  Into  the  coal  in  irreg- 
ular masses,  as  in  figure  5,  give  some  idea  of  how  completely  pulverize<l  the 
adjacent  coal  often  is.  Ihe  sandstone  veins,  or  "rocli  spars,"  as  they  are 
usually  called  in  the  mines,  are  generallj-  very  hard  sandstone.  A]>i)ar- 
ently  they  are  somewhat  similar  in  origin  with  the  clay  veins,  though  we 
are  not  entirely  satisfied  that  such  is  the  case.  In  figure  1-4  a  surface 
crevice  has  had  coal  washed  in,  making  a  coal  vein  of  a  certain  type. 

If  such  a  crevice  be  considered  as  probably  resulting  from  fault  a<*tion 
in  the  neighborhood  it  would  indicate  that  some  of  the  faulting  took  place 
during  the  laying  down  of  the  coal  measure  rocks.  This  vein  occurs  alH)Ut 
ten  feet  l)elow  tlie  lowest  worked  coal  in  Indiana. 

Overthrust  faults  and  accompanying  phenomena  are  not  common,  jis 
conqyared  with  normal  faults.  They  are  met  with  in  various  parts  of  tlie 
field,  but  the  amount  of  accompanying  crushing  often  renders  the  structure 
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obscure  and  their  study  difficult.  Illustrations  of  such  faults  are  given  in 
figures  11  to  13.  In  figure  13  the  lower  of  two  beds  twentj'  feet  apart  has 
been  forced  an  luiknown  distance  over  the  upper  bed.  Some  of  the  accom- 
panying phenomena  consist  of  oblique  Jointing,  induced  in  the  strata,  and 
in  the  vertical  thickening  of  coal  beds,  as  illustrated  in  figure  10. 

DESCRIPTION  OF  PLATES. 
Plate  I— Typical  normal  faults: 
Fig.    1.    Type  of  monoclinal  fault.    See  figures  5  to  10  inclusive. 

2.  Broken  arch  type  of  fault.    See  figures  11  to  13,  inclusive. 

3.  Type  of  fault  shown  in  figure  14. 

4.  Type  of  fault  shown  in  figure  2  of  plate  II. 

5.  Fault  in  Fairview  Mine,  Clay  county. 

6-8.    Fault  in  B.  B.  C.  Co.*s  No.  10  Shaft.    Map  and  sections. 

« 

w         9.  Fault  on  Otter  Creek,  3  miles  north  of  Brazil.     From  photo. 

10.  Double  fault  in  Peerless  Mine,  Vigo  county. 

11.  Double  fault  on  Big  Vermillion  Kiver,  near  Hanging  Rock. 

12.  Fault  on  north  fork  Otter  Creek,  near  Coal  Bluff,  Vigo  county. 

13.  One  of  series  of  faults  in  Fairview  Mine. 

14.  Fault  crossing  shaft  in  Jackson  Mine,  Clay  county. 

Plate  II— Irregularities  due  to  faulting;  clay,  sandstone  and  coal  vein.s; 
overthrust  faults  and  crushed  structure: 

Fig.    1.    Combined  fault  and  "roll,"  Monarch  Mine.  Clay  county. 
2.    Fault  of  typo  4,  Dugger  Mine,  Sullivan  county. 
3-4.    Clay  veins  resulting  from  faults.   P.  Co.  C.  Co.'s  No.  6  Shaft, 
Parke  county. 

5.  Clay  in  old  fault  plane,  Winsctt  Mine,  Vermillion  county. 

6.  Clay  vein,  Dugger  Mine,  10  feet  from  and  running  parallel  to 

large  fault. 

7.  Sandstone  vein.  Ray  Mine,  Vigo  County.      Shows  displace- 

ment in  another  entry. 

8.  Sandstone  vein,  Mecca  No.  1  Mine,  Parke  county. 

9.  Sandstone  vein,  B.  B.  C.  Co.'s  No.  8  Mine,  Clay  county. 

10.    Showing  structure  of  coal  bed  thickened  to  nearly  four  times 
normal  thickness  by  lateral  pressure,  in  region  of  overthrust 
faults,  Columbia  No.  3  Mine,  Clay  county. 
11-12.    Coal  bed  greatly  disturbed,  Lee's  Mine,  Vermillion  county. 
13.    Overthrust  fault,  Columbia  No.  4  Mine,  Clay  county. 
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14.    Coal  vein,  Gart.  No.  5  Mine,  Clay  county. 

Figure  11  of  plate  I  and  figures  5,  11  and  12  of  plate  II  are  from 
sketches  by  Mr.  E.  M.  Kindle,  assistant  on  coal  survey.  With  the 
exception  of  figures  1-4,  0-8,  10,  14,  of  plate  I.  and  figures  J3  and  14  of 
plate  11,  all  the  figures  are  in  the  scale  of  1  inch=10  feet. 

As  it  was  the  writer's  purpose  in  this  paper  merely  to  call  attention 
to  one  of  many  interesting  geological  features  of  the  coal  regions  whicii 
appear  to  have  escaped  notice,  no  descriptions  of  individual  faults  are 
given  here,  as  they  will  be  included  in  the  monograph  on  the  coal  of 
Indiana,  in  preparaton. 


Notes  on  the  GEOuxtV  of  Mammoth  Cave.     By  R.  E.  Call. 


A  Geolocjical  Settion'  Across  Soithkrn  Indiana  from  Hanover  to 

VrxcENNEs.     Bv  J.  F»  Newsom. 

[Abstract.] 

During  the  field  season  of  lSO<i  a  geological  section  was  mn  through 
the  center  of  the  row  of  townshii)s  numbered  3  N,  from  Hanover  on  th<* 
Ohio  River  to  Vjncvnnes  on  the  Wabash. 

The  profile  was  run  by  means  of  the  vertical  arc  and  aneroid  barom- 
eter. The  dips  of  strata  and  elevations  as  shown  may  l)e  depended  upon 
within   the   limits   of   these   methods. 

The  geological  formations  and  the  to])ography  crossed  by  this  section 
are  typical  of  almost  the  entire  southern  i>ortion  of  Indiana. 

The  lowest  rocks  to  be  found  in  the  section  are  the  soft  beds  of  the 
Cincinnati  group  along  the  Ohio  River.  Tliese  beds  are  about  250  feet 
thick  in  the  region  near  Hanover. 

Overlying  the  Cincinnati  beds  are  the  liard  limestones  of  tli(»  Clinton. 
Niagara,  and  Corniferous.  It  is  this  combination  of  limestones  overly- 
ing the  soft  Cincinnati  beds  that  causes  the  blufTs  along  the  Oliio  River, 
and  the  waterfalls  that  are  so  common  in  that  region. 
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THE  EASTERN   PLATEAU.  . 

Overlying  the  limestones  is  the  Devonian  black  shale.  The  region  un- 
derlain by  the  limestones,  and  the  easternmost  edge  of  the  DevV)nian  black 
shale  is  a  high  gently  rolling  plateau,  sloping  very  gently  to  the  west. 
This  may  very  properly  be  called  the  eastern  plateau  region  of  southern 
Indiana.  The  dip  of  the  rocks  is  westward,  and  varies  from  20  to  46  feet 
l>er  mile. 

The  Devonian  limestone  (corniferous)  passes  beneath  the  drainage 
near  the  west  line  of  township  3  north,  8  east. 

The  Devonian  black  shale  outcrops  over  a  strip  of  country  some 
twelve  miles  wide  and  forms  for  the  most  part  low  hills  and  flat  plains. 
Its  thickness  at  Scottsburg  is  120  feet. 

THE  EAKTERX   LOWLAND. 

The  Knobstone  Group,  with  the  Goniatite  limestone  overlies  the  De- 
vonian black  shale.  The  base  of  this  group  is  easily  eroded.  These  easily 
eroded  strata,  combined  with  the  easily  eroded  black  shale,  have  been 
largely  worn  away,  leaving  the  low,  comparatively  level  country  to  be 
found  through  southern  Indiana,  immediately  east  of  the  Knobs  and  hill& 
of  Floyd,  Clarke,  Washington,  Scott,  Jackson,  Bartholomew,  and  Brown 
counties.    This  region  may  properly  be  called  the  ea.*?tern  lowland. 

From  the  eastern  edge  of  the  eastern  plateau  (800  feet  above  tide), 
to  the  center  of  the  eastern  lowland  (570  feet  above  tide  at  Scottsburg) 
the  country  slopes  gently  to  the  west,  the  slope  corresponding  almost 
exactly  with  the  dip  of  the  rocks. 


THE   MIDDLE  PLATEAU. 

The  top  of  the  Knobstone  group  is  made  up  of  sandstones.  These 
are  overlain  by  the  Ix)wer  Carboniferous  limestones.  These  strata  resist 
the  action  of  the  weather,  and  consequently  are  directly  responsible  for 
the  "Knobs,"  which  are  not  a  range  of  hills,  but  the  more  or  less  abrupt 
eastward  face  of  a  gently  westward  dipping  plateau,  which  may  be 
styled  the  central  plateau.  This  plateau  has  been  deeply  cut  by  its 
streams. 
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THE  SINK-HOLE  REGION. 


Overlying  the  Knobstone  group  are  the  thick  beds  of  Lower  Carbonifer- 
ous limestones,  in  which  are  found  the  caverns  of  southern  Indiana.  This 
limestone  region  is  completely  pitted  with  sink-holes,  and  practically  the 
whole  of  its  drainage  is  by  underground  channels.  This  region  has  a 
gradual  westward  slope.  It  is  the  sink-hole  region  of  Indiana.  There  is 
A  noticeable  increase  in  the  size  of  the  sink-holes  in  going  from  east 
to  west  as  the  limestone  beds  become  thicker. 

THE  WESTERN   PLATEAU. 

West  of  the  sink-hole  region  formed  by  the  limestones,  is  the  very 
rugged  region  to  be  found  immediately  east  of  the  Coal  Measures.  The 
hills  of  this  region  are  capped  by  the  Mansfield  sandstone  or  Mill-stone 
grit,  to  which  formation  they  are  in  large  part  due.  The  region  in  which 
the  Mansfield  sandstone  is  the  controlling  formation  may  be  termed  the 
western  plateau.  This  plateau  has  been  very  much  dissected  by  its 
streams. 

THE  wI'>tp:rn  j^»wlani>. 

Overlying  the  Mansfield  standstone  are  the  soft  and  easily  eroded  beds 
of  the  Coal  Measures.  These  l)ed8  have  been  already  worn  down  very 
near  to  their  base  level  of  erosion,  if  indeed  they  have  ever  been  much 
above  that  level. 

CONCLVSION. 

(a.)  In  passing  from  east  to  west  across  southern  Indiana,  three  prom- 
inent topographic  features  arc  crossed,  and  these  features  are  the  results 
of  combinations  of  strata  as  follows:  (1)  the  high  eastward  escarpment 
along  the  Ohio  lUver  caused  by  a  thick  series  of  easily-eroded  calcareous 
shales  overlain  by  thick  and  resisting  limestones;  (2)  the  high  eastward 
facing  escarpment  with  its  outliers  to  the  east,  known  as  the  "Knobs;'* 
this  escarpment  is  the  result  of  a  thick  series  of  soft  clay  and  sandy 
shales,  protected  by  sandstones  and  resisting  limestones.  Along  tlie  Ihie 
under  discussion  this  escarpment  is  2«S  miles  west  of  the  esoarpniont 
along  the  Ohio;  (3)  the  high  liills  of  Martin  County,  which  are  the  result 
of  a  series  of  limestones  and  sandstones  capped  by  more  resisting  sand- 
stones and  which  do  not  rise  as  an  escarpment  from  the  east,  but  l>ccoine 
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j?ra dually  higher,  owing  to  the  resisting  nature  of  their  lowest  beds.  The 
distance  from  the  Knobstone  escarpment  to  the  highest  hills  capped  with 
the  Mansfield  standstone  is  about  thirty  miles. 

(b.)  The  structure  of  each  of  these  topographic  features  where  crossed 
by  the  section  is  essentially  the  same  in  different  stages  of  development; 
i.  e.,  that  of  a  dissected  plateau,  sloping  gently  to  the  west  In  the  east- 
em,  or  Devonian  limestone  plateau,  in  the  region  of  the  Ohio,  dissection 
has  scarcely  begun,  as  none  except  the  streams  flowing  directly  into  the 
Ohio  have  deep  gorges,  and  these  are  only  from  one-half  to  one  and  a 
half  miles  long;  in  the  middle,  or  Knobstone  plateau,  dissection  has  pro- 
gressed much  further  than  in  the  eastern  one.  while  the  western  or  Mans- 
field sandstone  plateau  has  been  completely  dissected  by  its  streams. 

It  is  possible  that  this  peculiarity  in  the  amount  of  erosion  that  has 
taken  place  in  these  difl^erent  plateaus  is  the  result  of  the  character  and 
former  upward  extension  of  the  overlying  formations  in  each  case. 

(c.)  The  top  of  the  eastern  plateau  where  crossed  by  the  section  U 
800  feet  above  the  sea,  that  of  the  middle  is  820  feet,  and  that  of  the 
western  880  feet  above  tide,  w^ile  but  a  short  distance  to  the  north  or 
south  the  topographic  sheets  show  the  elevations  of  these  plateaus  to  cor- 
respond even  more  closely. 

These  closely  corresponding  elevations  point  strongly  to  the  conclu- 
sion that  the  present  topography  of  southern  Indiana  has  developed  from 
an  old  base-level.  The  present  topography,  however,  might  have  been  de- 
veloped from  a  plain  of  deposition,  or  a  combination  of  the  two. 


The  Knobstone  Group  in  the  Region  of  New  Albany.     By  J.  F.  Newsom. 

During  the  field  season  of  1897  the  Indiana  University  Geological  Sur- 
vey undertook  the  delineation  of  the  upper  and  lower  limits  of  the  Knob- 
stone group,  and  working  up  of  the  general  geology  of  that  particular 
formation.  Work  was  begun  in  the  extreme  southern  part  of  the  State. 
It  is  with  only  a  few  of  the  points  of  interest  that  were  developed  in  that 
region  that  this  paper  deals. 
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HEIGHT  AND  CHARACTER  OF   KN0B8. 


The  knobs  of  the  extreme  southern  part  of  Indiana  do  not  form  a 
range  of  hills,  strictly  speaking,  but  are  the  irregular  eastern  escarpment 
of  a  plateau,  ranging  in  height  from  200  to  400  feet.  From  the  top  of  this 
escarpment  the  slope  to  the  west  is  ver>'  gradual,  while  to  the  east  there 
are  often  numerous  sharp  outlying  hills,  almost  as  high  as  the  main 
plateau. 

The  general  course  of  the  eastern  face  of  the  Knobstone  escarpment 
from  where  it  is  cut  through  by  the  Ohio  River,  in  township  G  S..  is 
but  little  east  of  due  north  for  about  30  miU^s,  where,  in  township  1  S.,  0  E., 
it  turns  to  the  west  around  the  headwatere  of  Muddy  Fork  of  Silver  Crt  ek. 

In  the  region  immediately  west  of  New  Albany  there  are  many  high 
eastern  outliere,  which  make  the  country  very  broken  and  rugged.  A 
short  distance  northwest  of  New  Albany  there  is  a  noticeable  decrease  in 
the  number  of  outliers.  The  escarpment  in  this  region  is  tyi)ical.  with  a 
high  plateau  to  the  w^est,  an  abrupt  eastward  slope  with  a  descent  of  2<X) 
to  400  feet,  and  a  couiparatively  low  leveL  country  to  the  esist. 

GENERAL  CHARACTER  OF  THE  KNOBSTONE  (iROUF. 

The  Knobstone  group  in  Southern  Indiana  is  made  up  of  a  thick  series 
of  clay  shales,  sandj'  shales  and  sandstones.  The  shales  predominate  at 
the  base  of  the  group,  while  the  sandstones  i)redominate  at  the  top.  The 
series  of  rocks  was  originally  called  the  Knobstone  by  Owen  because  of 
their  peculiar  "knobs."  or,  as  their  name  implies,  kno1>1ike  hills  that  are 
often  left  by  its  erosion  at  a  greater  or  less  distance  east  of  the  main 
escarpment. 

Overlying  the  upper  sandstone  layers  of  the  group  are  the  Lower  Car- 
boniferous limestones,  which,  with  the  sandstones  below,  form  a  protect- 
ing cap  for  the  thick  underlying  shales.  When  the  streams  cut  through 
this  overlying  cap  of  limestone  and  sandstone  they  quickly  cut  down 
through  the  underlj'ing  soft  shales  and  form  deep  gorges.  Because  of  the 
slight  westward  dip  of  the  strata  the  eastward  flowing  streams  always  cut 
through  these  shale  beds. 

DIP. 

The  knobstones  and  overlying  limestones  dij)  gently  to  the  west  or 
southwest.  The  westward  dip,  in  sections  1  and  2,  township  3  S..  .")  E.. 
was  found  to  be  41  feet  per  mile.    This  dip  is  very  gentle,  but  it  is  suf- 
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iiclent  to  entirely  control  the  drainage.  Thus  it  is  noticeable  that  the 
water-shed  between  waters  flowing  east  directly  into  the  Ohio  and  those 
flowing  southwest  and  reaching  that  stream  after  many  miles  is  at  the 
Tery  eastern  face  of  the  plateau.  In  Floyd  and  Harrison  counties  it  js 
often  no  more  than  one  or  two  miles  from  the  Ohio.  The  streams  flowiog 
to  the  west  have  a  gentle  fall,  following  in  the  main  the  dip  of  the  strata. 
The  resulting  topography  is  of  the  gentle  rolling  type  common  in  many 
limestone  regions.  The  streams  flowing  to  the  east,  on  the  contrary,  are 
short,  and  flow  through  deep,  narrow  gorges  that  have  been  cut  down 
through  the  soft  knob  shales.  These  valleys  are  often  from  250  to  300  feet 
deep. 

»  TlIE  UPPER  LIMIT. 

The  parting  between  the  top  of  the  Kuobstone  group  and  the  overlying 
Carboniferous  limestones  crosses  the  Ohio  River  near  the  east  side  of 
township  0  south,  4  east.  The  line  of  parting  in  the  extreme  south  is  low 
in  the  hills  and  Is  covered  by  cliff  debris  and  alluvium,  consequently  it 
cannot  l)e  continuously  traced  In  going  northward  until  township  4  south, 
5  east,  Is  reached. 

From  the  point  where  It  enters  Indiana  the  upper  limit  of  the  group 
runs  northward  along  the  eastern  face  of  the  escarpment  on  the  west  side 
of  the  Onlo,  seldom  extending  more  than  two  miles  back  from  that  stream. 
On  account  of  Its  dip  It  Is  carried  successively  higher  In  the  hills,  reaching 
their  very  tops  In  township  2  south,  0  east  From  here  northward  the 
base  of  the  limestone  Is  found  at  the  tops  of  the  hills. 

The  line  of  parting  from  Its  southernmost  exposure,  runs  northward  In 
a  very  sinuous  Hue  through  townshli)s  6,  5,  4,  3  and  2  south,  5  and  6  east, 
until  It  reaches  section  81,  township  2  south,  C  east.  At  this  point  which 
is  four  miles  west  of  New  Albany,  the  outcrop  turns  westward  and  follows 
along  the  south  side  of  Indian  Creek  until  it  is  carried  beneath  the  drain- 
age level  and  crosses  to  the  north  of  that  stream  In  section  20.  township 
2  south.  5  east.  There  are  low  dips  showing  a  very  low  antiolinnl  fold  In 
the  southeastern  part  of  2  south.  4  east,  and  the  southwestern  part  of 
2  south,  5  east,  and  It  may  be  to  some  extent  due  to  this  structural  feature 
that  Indian  Creek  and  Its  tributaries  have  cut  through  the  limestones,  ex- 
{•(•slng  the  underlying  Kno1>stone.  through  these  townships. 

Aft€»r  crossing  to  the  north  side  of  Indian  Creek  the  upper  parting  be- 

t>\een  the  Knobstone  and  limestone  turns  again  and  runs  to  the  north- 
east In  a  very  sinuous  line.     It  gets  higher  In  the  hills  until  It  again 
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roaches  their  tops  In  section  17,  township  1  south,  6  east.  Here  it  turns 
to  the  west  and  passes  west  of  Borden  and  on  across  Blue  River. 

A  glance  at  the  accompanying  map  will  show  that  the  continuous  line 
of  outcrop  as  here  described  makes  a  bend  to  the  west  and  then  to  the 
northeast,  causing  the  knobstone  to  form  the  principal  rocks  in  the  val- 
leys, at  least  nine  miles  from  the  true  eastern  face  of  the  knobs  in  town- 
ship 2,  south. 

It  is  seen,  also,  that  by  no  means  all  of  the  rocks  of  this  immediate 
locality  belong  to  the  Knobstone,  but  that  there  are,  included  within  the 
main  line  of  outcrop,  some  large  outlying  limestone  areas.  These  out- 
lying limestones  are,  of  course,  only  the  remnants  of  the  beds  that  nt  one 
time  covered  the  entire  region.  As  tlie  process  of  erosion  continues  these 
limestone  areas  will  gradually  disappear.  It  will  be  noticed  that  to  the 
south  of  the  area  of  exposed  Knobstones  (in  township  1  south)  Just  de- 
scribed, there  is  a  smaller  area  where  the  limestone  has  been  cut  through, 
but  where  it  still  completely  encloses  the  exi>osed  underlying  sandstones. 
To  the  north,  in  the  region  of  Borden,  there  is  also  a  large  area  in  which 
the  overlying  limestones  have  been  almost  completely  removed,  leaving 
but  one  small  limestone  area  to  the  east  of  the  main  outcrop.  These  three 
areas  illustrate  very  well  three  different  stages  in  the  process  of  the 
dissection  and  removal  of  the  topmost  strata  of  a  plateau. 

In  conclusion,  attention  should  be  called  to  the  distribution  of  springs. 

Since  the  rooks  composing  the  Knobstone  group  are  of  suoli  a  nature 
as  to  prevent  the  free  circulation  of  water,  springs  are  by  no  means  com- 
mon in  that  formation.  At  the  top  of  the  formation,  however,  the  line  of 
parting  between  the  limestones,  which  do  permit  the  free  oiroulation  of 
water,  and  the  underlying  impervious  sandstones,  is  a  natural  spring  hori- 
zon. Along  this  line  of  parting  springs  are  very  common,  and  except  at 
the  extreme  eastern  edge  of  the  Knobstone  escarpment,  where  tlie  lime- 
stone has  been  eroded  to  a  very  thin  edge,  they  are  to  be  found  In  almost 
everj'  small  side  ravine. 
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The  Upper  Limit  of  the  Knobstone  in  thb  REcaox  of  Borden.     By  Lee 

H.  Jones. 

During  the  List  field  season  of  the  Indiana  University  Geological  Sur- 
vey the  lino  of  parting  between  the  Lower  Carboniferous  limestone  and 
the  Knobstone  group  was  traced  through  township  1  south,  4,  5."  and 
0  east,  and  1  north,  4,  5,  and  C  east.  In  this  locality  there  was  found 
to  be  an  Interesting  distribution  of  the  knobstone  group;  and  it  is  with 
this  feature  that  this  paper  deals. 

In  general,  the  upper  limit  of  the  knobstone  has  a  trend  of  north 
slightly  east,  keeping  within  a  short  distance  of  the  Ohio  River  from  the 
l>oint  Avhere  it  crosses  that  stream  In  township  6  south  until  a  point 
five  miles  west  of  New  Albany  is  reached.  Here  It  turns  to  the  northeast 
and  runs  to  section  22,  1  south,  6  east,  where  it  turns  directly  northwest. 

This  line  is  continuous,  with  but  slight  deviation  to  the  east  or  west, 
except  in  2  soutli.  4,  5  and  6  east,  where  the  overlying  limestone  is  entirely 
cut  through  by  the  westward-flowing  streams,  leaving  many  isolated  lime- 
stone areas  capping  the  Knobstone  hills. 

From  Tlie  point  where  the  line  of  parting  between  the  top  of  the  Knob- 
stone and  the  overlying  llarrodsburg  limestone  (Lower  Carboniferous) 
turns  west,  in  section  22,  it  runs  northwestward  in  a  continuous  line  until 
it  i>asscs  west  of  tlie  lieadwaters  of  Muddy  Fork  of  Silver  Creek,  in  town- 
shij)  1  south,  5  east,  one  and  one-half  miles  south  of  Pekln. 

P'roin  tills  point  it  runs  westward  and  a  little  to  the  south  on  the  south 
side  of  Blue  Biver,  until  it  roaches  section  3.'i,  1  north,  4  east,  where  it 
passes  lienoath  the  drainage  level  and  crosses  to  the  north  side  of  that 
stream. 

A^^•un  the  line  of  parting  turns  to  the  northeast,  and  owing  to  the 
elevation  of  tiie  rocks  in  that  direction,  it  is  gradually  brought  back  to  the 
tops  of  Tlie  hills.  At  the  northeast  corner  of  section  4,  township  1  north. 
5  east,  it  airaiu  turns  to  the  west.  A  glance  at  the  map  will  readily  show 
tliat  tlie  upper  limit  of  the  knobstone  in  the  area  under  discussion  forms 
a  westward  indentation,  with  its  wider  part  to  the  east. 

I'lie  overlying  llarrodsburg  limestone  in  the  vicinity  of  section  22, 
townsliii)  1  south.  G  oast,  is  veiy  thin  at  its  eastern  and  northern  edge.s, 
running:  out  to  a  foathor  edge  along  the  line  of  parting.  In  this  immediate 
locality  tlie  line  of  i»arting  is  from  one  to  two  miles  from  the  eastern  and 
northern  faci*  to  the  knob  escai'pment;  to  the  west,  in  section  18,  same 
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township,  the  parting  runs  out  nearer  the  bluffs  along  the  south  side  of 
Muddy  Fork  of  Silver  Creek.  From  this  point  westward  it  is  carried 
lower  and  lower  in  the  hills  by  the  general  westward  dip  of  the  rooks 
until  it  passes  beneath  Blue  River. 

It  will  be  noticed  that  the  head  waters  of  Muddy  Fork  of  Silver  Creek 
and  Blue  River  overlap  by  some  ten  miles,  and  that  the  line  of  parting 
passes  to  the  south  of  Muddy  Fork  of  Silver  Creek  and  to  the  north  of 
Blue  River. 

The  region  between  these  two  streams  has  had  its  limestone  removed 
by  their  combined  erosion.  It  is  interesting  to  note  that  this  is  the  only 
locality  in  the  Knobstone  region  where  there  is  such  an  overlapping  of 
east  and  west  flowing  streams. 

The  knobs  of  this  locality  are  formed  by  a  high  plateau  sloping  gently 
to  tlie  west,  with  an  abrupt  slope  to  the  east,  and  north  on  the  south  side  of 
Muddy  Fork  of  Silver  Creek,  and  a  steep  south  slope  on  the  north  side. 
The  hills  immediately  north  and  south  of  Blue  River  are  less  rugged. 

In  a  general  way  the  lower  limit  of  the  group  runs  in  a  direction 
somewhat  parallel  to  that  of  the  upper  limit,  making  a  slight  westward 
bend  from  block  182  to  block  192  of  the  Illinois  grant,  where  it  crosses 
Muddy  Fork  of  Silver  Creek  and  turns  to  the  northeast 

It  will  be  noticed  that  the  lower  limit  does  not  make  as  great  a  bend 
to  the  west  as  does  the  upper  limit.  This  is  due  to  the  fact  that  the  lower 
limit  is  very  near  to  the  drainage  level  of  the  country.  In  this  region  the 
lower  limit  of  the  Knobstone  shale  is  marked  by  the  greenish  Rockford 
Gonial ite  limestone,  which  has  a  thickn(»ss  of  from  ten  inches  to  three 
feet.  Immedfatey  below  the  Goniatite  limestone  is  the  Devonian  black 
shale. 


Four  Comparative  Cross  Sections  of  the  Knobstone  Group  op  Indiana. 

By  L.  F.  Bennett. 

In  connection  with  the  geological  work  of  the  State  University  in 
1897  several  cross  sections  of  the  Knobstone  group  were  made  in  order 
that  its  width  and  the  distrllaition  of  the  rocks  forming  it  might  be  dis- 
covered. It  is  with  four  of  these  comparative  cross-sections  that  this 
paper  deals.  The  elevations  were  obtained  by  means  of  the  aneroid  bar- 
ometer and  the  locations  by  placing  and  inciuiry.     As  the  main  object 
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1o  work  out  the  topography,  not  so  much  attention  was  paid  to  the 
))ry,  but  in  most  places  it  was  worked  out  with  some  degree  of  ac- 
cy. 

This  formation  is  made  up  of  sandstones  and  shales.  Above  It  Is  the 
carboniferous  limestone;  below,  the  New  Albany  black  shale.  In  the 
h  the  shale  predominates;  in  the  north,  the  sandstone.  At  the  base 
lie  formation  is  a  layer  of  hard  greenish-blue  limestone,  called  the 
cford  Gonlatite  limestone.  This  layer  is  very  persistent  and  varies 
1  ton  inches  to  three  feet  in  thickness.  In  the  southern  part  of  the 
p,  north  to  wliere  it  is  covered  by  a  glacial  clay,  the  eastern  limit  of 
limestone  is  but  a  few  feet  below  the  general  surface  of  the  country, 
^  covored  by  soil  and  clay  to  the  depth  of  eight  to  twenty  feet 
sone  of  the  sandstone  is  pure.  It  is  mixed  with  considerable  quan- 
^  of  muddy  shale  and  also  contains  small  quantities  of  iron,  which  is 
k  n  in  the  weathered  rock.  The  shale  is  muddy,  easily  eroded,  and  con- 
3  large  quantities  of  iron  nodules.  In  most  places  there  is  a  gradual 
sitiou  from  tlie  shale  to  the  sandstone;  just  where  one  leaves  off  and 
>ther  begins  it  is  difficult  to  tell.  This  is  especially  true  in  the  south- 
part  of  tlie  State.  Farther  north  there  are  alternating  beds  of  shale 
sandstone,  but  the  beds  of  shale  are  much  the  thinnest. 
riie  formation  shows  an  entirely  different  topography  in  the  south 
I  that  in  the  north.  It  makes  up  the  knobs  of  Floyd,  Clark,  Scott, 
hinjrton  and  Jackson  counties  and  the  hills  of  Bartholomew,  Brown 
Morgan  counties. 

u  the  south,  in  Floyd  and,  Clark  counties,  the  knobs  present  a  bold 
toward  the  east:  they  are  steep  and  vary  from  200  to  400  feet  fn 
ht.  Fast  of  tlie  knobs  the  country  is  comparatively  level  and  farther 
h  outlying  hills  are  found.  These  outliers  in  northern  Jackson  and  in 
holoniew  coimties  extend  eastward  from  the  main  range  of  hills  five 
ix  miles. 

u  the  four  (Toss-sections  under  discussion  the  dip  of  the  rock  was  not 
rmined,   but  it  was  measured  in  other  places  and  found  to  be  26 
to  the  mile  to  the  west. 

The  soutlierumost  of  the  four  cross-sections  was  run  in  township  1 
h,  raii^'e  G  east,  a  short  distance  south  of  St.  Joseph,  a  small  town  on 
J.,  :m.  iVr  I.  II.  R.,  six  miles  north  of  New  Albany.  The  Subcarbonifer- 
liiiu'stone  is  found  on  the  top  of  the  easternmost  knob  or  hill  and  is 
feet  above  the  Gonlatite  limestone  to  the  east.     This  is  about  the 
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narrowest  place  In  the  formation.  It  is  two  miles  wide.  Here  the  sand- 
stone is  90  feet  In  thickness  and  the  muddy  shale  over  200  feet  Both 
the  sandstone  and  shale  have  been  worn  away  as  fast  as  the  limestone 
has  receded.  For  this  reason  the  hills  are  steep  and  the  country  to  the 
east  is  low  and  flat. 

This  is  not  quite  a  typical  section  for  this  region,  because  limestone  is 
seldom  found  on  the  hill  farthest  to  the  east.  It  is  usually  found  a  mile  or 
more  west  of  the  eastern  face  of  the  knobs. 

The  next  section  to  the  north,  the  UnderwooJd  section,  was  run  along 
the  middle  line  of  township  2  north.  It  begins  on  the  west  side  of  the 
Illinois  grant  and  runs  west  13%  miles.  On  the  east  are  found  low  hills 
called  the  Guinea  knobs,  none  of  which  are  over  150  feet  above  the  sur- 
rounding country,  and  most  are  much  lower.  On  the  tops  of  some  glacial 
gravel  Is  found,  on  others  clay,  due  to  the  decomposition  of  muddy  shale. 
Fifty  feet  above  the  Goniatlte  limestone  there  is  a  layer  of  muddy  shale 
containing  iron  nodules,  and  higher  up  there  are  layers  of  blue  shale, 
much  bluer  than  is  the  usual  color. 

For  four  and  a  half  miles  west  of  the  Guinea  knobs  the  country  is 
generally  level;  then  the  outliers  of  the  western  knobs  are  reached.  They 
are  made  up  entirely  of  shale  and  clay,  except  the  last  hill  to  the  west, 
which  contains  sandstone  at  the  top.  The  country  continues  rough  for 
three  miles  and  only  one  valley  of  any  consequence  is  crossed:  It  is  the 
valley  of  the  Big  Ox  Fork.  The  last  ascent  is  250  feet  where  sandstone 
190  feet  in  thickness  is  found.  Typical  of  this  formation,  the  sandstone  at 
some  depths  is  much  muddier  than  at  others;  and  In  this  hill,  at  the  top, 
the  sandstone  is  much  muddler  than  about  100  feet  down,  where  for  a  few 
feet  it  is  comparatively  pure,  then  it  gradually  grows  muddier  until  It 
grades  into  a  sandy  shale,  and  still  farther  down  into  a  nearly  pure  shale. 

For  the  next  two  miles  the  country  is  nearly  level;  it  then  becomes 
more  broken  until  the  limestone  is  reached,  four  and  one-half  miles  west 
of  the  first  sandstone  hill.  Just  beneath  the  limestone  there  is  a  layer  of 
blue  shale;  below  this  Is  the  sandstone. 

The  next  section,  the  Scottsburgh  section,  was  run  along  the  middle 
line  of  township  3  north.  It  begins  in  the  vicinity  of  Scottsburgh  and  con- 
tinues westward  13^  miles.  It  is  comparatively  level  for  10  miles,  the 
country  being  covered  with  alluvium  and  glacial  and  residual  clays.  The 
first  hill  of  any  consequence  Is  capped  with  muddy  sandstone,  the  second 
by  the  Subcarboniferous  limestone. 
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A  comparison  of  this  section  with  the  Underwood  section  shows  a  con- 
siderable dlflTerence.  In  the  latter  there  is  but  little  level  country;  the 
Guinea  knobs  are  on  the  east;  the  outliers  of  the  western  knobs  are  four 
and  a  half  miles  to  the  west,  and  it  is  several  miles  farther  before  the  lime- 
stone is  reached.  In  the  Scottsburgh  section  there  are  no  outliers,  and 
limestone  is  found  on  the  second  hill.  The  knobs  make  a  great  bend  to  the 
west  in  running  through  township  2  north  and  township  3  north,  hence  the 
difference  in  the  two  sections. 

The  Weed  Patch  Hill  section  was  run  along  the  north  line  of  township 
8  north.  It  is  30  miles  long.  It  begins  at  the  White  River,  two  miles 
south  of  Columbus,  runs  across  Brown  County  over  Weed  Patch  BUU  and 
ends  in  Monroe  County. 

For  two  miles  and  one-half  the  country  is  level  and  is  covered  to  a 
depth  of  30  feet  or  more  with  alluvium.  The  next  four  miles  is  rolling,  the 
first  two  miles  of  which  is  covered  with  glacial  clay,  the  latter  with  resi- 
dual clay.  A  well  section  in  the  first  hill  shows  the  Goniatlte  limestone  to 
be  40  feet  above  the  surface;  this  is  its  eastern  limit 

The  higher  hills  begin  six  and  one-half  miles  west  of  White  River. 
The  first  hill  rises  almost  abruptly  150  feet  and  is  almost  entirely  made  up 
of  muddy  sandstone.  Throughout  the  rest  of  the  section  the  hills  are  steep 
and  high.  In  many  places  it  is  but  300  or  400  yards  from  one  hill  to  the 
next,  and  the  hollow  between  is  150  feet  deep  and  sometimes  deeper. 
Shale  is  found  in  the  deepest  hollows  for  the  first  six  miles.  Farther  on  no 
shale  is  found  except  in  thin  layers  at  various  heights  in  the  sandstone. 
This  is  one  peculiarity  of  the  rock  in  this  section.  The  sandstone  greatly 
predominates;  in  fact,  it  is  22%  miles  wide,  and  through'  it  there  are  these 
thin  beds  of  muddy  shale.  All  gradations  between  the  nearly  pure  sand- 
stone and  shale  are  found  and  in  several  places  the  sandstone  is  nearly 
blue. 

Weed  Patch  Hill  was  made  1,135  feet  high  by  the  barometer;  the 
correct  height  is  1,147  feet.  Sandstone  is  found  all  the  way  to  the  top. 
It  is  much  higher  than  any  of  the  hills  on  either  side. 

Seven  miles  farther  west  Salt  Creek  valley  is  crossed;  it  is  one-half 
mile  wide.  Still  farther  west,  a  mile  and  a  half  cast  of  the  west  end  of  the 
section,  there  is  a  layer  of  fossiliferous  limestone.  It  is  found  at  the 
base  of  the  hill  in  the  sandstone,  and  is  15  feet  thick  and  is  made  up  al- 
most entirely  of  crinoid  stems.  One-fourth  of  a  mile  farther  west,  at  the 
base  of  the  next  hill,  there  is  a  fifteen-foot  layer  of  blue  shale. 
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It  would  naturally  be  supposed  tbat  the  watershed  Is  at  the  highest 
point,  namely,  at  Weed  Patch  Hill,  but  this  is  not  the  case.  It  is  about 
two  miles  west  of  the  eastern  face  of  the  hills.  Most  of  the  streams 
crossed  east  of  Weed  Patch  Hill  flow  to  the  southeast  and  empty  Into 
Salt  Creelt  several  miles  below  the  place  where  it  is  crossed  by  this  sec- 
tion. The  location  of  the  watershed,  perhaps,  gives  a  clue  as  to  the  posi- 
tion of  the  rocks  that  once  covered  this  region,  which  is  now  an  excellent 
example  of  a  completely  dissected  plateau. 

This  last  section  is  typical  of  the  Knobstone  north  of  White  River. 
The  limestone  has  pushed  farther  to  the  west,  leaving  a  wide  area  covered 
by  the  Knobstone,  most  of  which  is  the  muddy  sandstone.  The  sections 
south  of  White  River  are  also  typical  for  that  region.  The  St.  Joseph 
section  has  very  little  sandstone  exposed  and  the  shale  greatly  pre- 
dominates. 

A  glance  at  the  map  will  explain  why  it  is  there  are  so  many  hills  in 
the  north  in  the  Knobstone  group;  it  is  because  of  the  thickness  and  wide 
distribution  of  the  sandstone. 


Notes  on  Indiana  Geology.     By  J.  A.  1*rice. 

In  connection  with  the  field  work  in  geology  at  Indiana  University 
during  the  last  season  the  distribution  of  a  strip  of  limestone,  usually  sur- 
rounded by  outcrops  of  the  Knobstone  group  and  lying  east  of  the  main 
mass  of  the  Lower  carboniferous  limestone  of  Indiana,  was  in  part  out- 
lined.   It  is  with  this  unconformity  that  this  paper  deals. 

In  the  Report  of  the  State  Geologist  for  1896,  page  391,  a  strip  of 
limestone  commencing  at  Limestone  Hill,  eight  miles  southeast  of  Bloom- 
ington,  and  extending  east  of  south  through  Heltonvillc  to  and  probably 
beyond  Fort  Ritner,  Lawrence  county,  is  referred  to. 

-Without  attempting  to  solve  the  conditions  under  which  this  lime- 
stone was  laid  down,  it  is  desired  to  touch  upon  the  extent  and  relative 
position  of  this  limestone  strip  and  the  Knobstone  north  and  south  of  the 
points  referred  to  in  the  report 

In  sections  26,  27,  34  and  35,  township  4  north,  2  east,  Washington 
County,  between  Twin  Greek,  which  flows  north  through  sections  35,  36 
and  25,  and  the  East  Fork  of  White  River,  which  flows  south  through 
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sections  22.  27  an<1  .S4«  lies  a  point  of  land  one  and  one-half  mile  long  and 
one  mile  wide.  The  top  of  this  point  is  formed  of  limestone,  which  varies 
in  thickness  at  different  places  around  the  point. 

Near  the  center  of  section  34  the  line  of  parting  between  the  limestone 
and  kuobstone  is  150  feet  above  the  bed  of  the  river.  Farther  north,  near 
the  south  side  of  section  27,  the  line  of  parting  is  140  feet  above  the  river. 

At  the  north  end  of  the  point  of  land  in  section  22  the  line  of  parting  is 
only  110  feet  above  the  river,  with  40  feet  of  limestone  above,  and  at  the 
northeast  corner  of  the  land  the  line  of  parting  is  only  60  feet  above  Twin 
Creek.    At  this  point  the  overlying  limestone  is  100  feet  thick. 

At  the  south  side  of  section  26  the  knobstone  is  only  40  feet  thick  and 
is  overlaid  with  160  feet  of  limestone,  while  at  the  corresponding  point  on 
the  west  side  the  knobstone  is  140  feet  thick,  with  only  20  feet  of  lime- 
stone. 

Near  the  bridge  across  Twin  Creek  in  the  northeast  quarter  of  the 
northeast  quarter  of  section  35  the  line  of  parting  is  only  20  feet  above 
the  creek,  and  is  overlain  with  150  feet  of  limestone. 

A  well  section  near  the  northeast  corner  of  section  27  shows  the  fol- 
lowing strata:    Soil,  35  feet;  limestone,  10  feet;  knobstone,  88  feet. 

On  the  west  side  of  a  tributary  of  Twin  Creek,  at  the  east  center  of 
section  35,  the  lino  of  parting  is  only  20  feet  above  the  creek  bed,  while  on 
the  east  side  the  hill  is  190  feet  high,  without  limestone.  From  the  line  of 
parting  on  the  west  side  of  the  branch  to  the  school  house  at  the  center  of 
section  35  there  is  150  feet  of  limestone,  but  from  the  school  house  west 
there  is  only  a  descent  of  50  fcK>t  to  the  line  of  parting  at  the  west  side  of 
the  section.    Fig.  4. 

On  the  east  side  of  the  point  of  land  between  White  River  and  Twin 
Creek  the  upper  ledges  of  limestone  form  a  cliff  some  12  or  15  feet  high. 
On  the  west  side  there  is  no  cliff,  and  the  exposures  are  covered  over 
largely  with  debris. 

In  the  center  of  section  26  is  a  point  that  extends  to  the  southwest 
some  400  yards  from  the  high  sand  hills  east  of  the  creek.  The  average 
height  of  this  projection  is  about  100  feet.  With  the  exception  of  20  feet 
of  knobstone  at  the  base  of  this  projection,  the  rocks  are  all  limestone. 
The  adjoining  hill  to  the  northeast  rises  150  feet  above  the  projection  and 
Is  formed  of  knobstone. 

On  the  north  side  of  the  projection  and  west  of  the  wagon  road  are 
two  ditches  some  30  yards  apart.    In  the  ditch  farthest  east  there  Is  an 
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exposure  of  knobstone  and  in  the  other  an  exposure  of  limestone,  the  line 
of  contact  coming  somewhere  between  these  two  ditches. 

Farther  south,  in  section  1,  township  3  north,  2  east,  occurs  tlie  same 
unconformity.  From  the  road  through  the  west  side  of  section  1  to  the 
line  of  parting  in  Clifty  Creek  is  a  descent  of  150  feet.  In  going  east  to 
the  head  waters  of  one  of  the  side  branches  of  Rush  Creek  there  is  only 
a  fall  of  50  feet  to  the  line  of  parting.  The  two  points  where  the  line  of 
parting  was  observed  are  not  over  one-half  mile  apart 

Farther  north,  in  5  north,  2  east,  the  limestone  occurs  on  the  west  side 
of  Guthrie's  Creek.  The  line  of  parting  is  25  feet  above  the  creek  bed, 
and  from  the  line  of  parting  to  the  top  of  the  hill  is  100  feet.  All  the 
exposures  are  limestone. 

Near  the  top  of  the  hill  there  is  exposed  a  thick  ledge  of  limestone 
which  forms  a  small  cliff  corresix)nding  to  the  cliff  on  the  west  side  of 
Twin  Creek.  Farther  west,  where  the  streams  have  cut  through  the 
limestone  and  exposed  the  edges  of  the  strata,  no  such  cliffs  are  formed. 
Farther  west  the  lighter  the  deposit  for  one-half  mile  or  more,  where  it 
begins  to  thicken  and  dip  gently  to  the  west.  A  cross-section  of  the  body 
of  limestone  is  triangular  in  shape,  with  the  base  Jutting  against  the  knob- 
stone,  the  altitude  along  the  surface  and  the  hypotenuse  bedding  upon  the 
knobstone.  (Fig.  2.) 

Farther  north,  near  the  center  of  section  10,  township  9  north,  1  east, 
the  division  between  the  knobstone  and  limestone  crosses  the  road  about 
150  yards  west  of  where  the  road  turns  to  the  north.  The  knobstone  does 
not  occur  in  the  hill  to  the  east,  although  this  hill  is  50  feet  higher  than 
the  road.  In  a  gully  250  yards  northwest  of  the  road,  where  the  line 
between  the  pale-colored  clay  of  the  knobstone  and  the  red  clay  of  the 
limestone  crosses  it  is  the  line  of  contact  between  the  two  formations. 
One  hundred  yards  southeast  of  the  center  of  the  southwest  quarter  of 
northeast  quarter  of  section  10  the  displacement  is  foimd.    (Fig.  1.) 

In  general  this  belt  of  limestone  seems  to  extend  north  and  south,  or 
north  10**  west,  and  has  been  observed  from  near  Mount  Carmel,  in  sec- 
tion 1,  township  3  north,  2  east,  Washington  County,  to  near  UnionvIUe. 
In  section  10,  township  9  north.  1  east,  Monroe  County. 

At  ail  points  of  observation  the  limestone  had  the  same  general  shape- 
thick  on  the  east  side,  with  but  slight  modifications  in  going  west  for  a 
short  distance,  then  gradually  thinning  out  and  connected  or  disconnected 
with  the  limestone  west  of  It 
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Figures  2  and  3  show  an  unconformity.  Tliose  fij;uros,  however,  are 
in  part  ideal,  as  the  actual  line  of  contact,  or  unconformity  (if  such  it  is), 
was  not  observed,  being  covered  with  debris.  It  is  not  possible,  from  the 
data  in  hand,  to  say  surely  whether  this  strip  of  limestone  owes  its  ex- 
istence to  an  unconformity  or  a  fault. 

The  peculiar  distribution  of  this  strip  of  limestone  effects  the  topog- 
raphy of  that  section  of  the  country  in  which  it  is  found.  West  of  the 
easternmost  line  of  contact  the  country  is  rolling,  with  quite  a  number  of 
sink  holes,  characteristic  of  limestone  formations.  East  of  that  line  of 
contact  the  country  is  very  rough;  the  streams  arc  in  deep,  narrow  ravines 
characteristic  of  the  knobstone  area. 

The  present  location  of  the  streams  running  north  and  south  near  this 
point  is  aue  largely  to  the  unconformity,  they  following  the  line  of  contact, 
or,  having  cut  below  the  limestone  level,  are  following  channels  in  the 
knobstone. 


Am  Old  River  Channel  in  Spkncer  County,  Indiana.     By  Arthur 

C.  Veatcii. 

All  that  portion  of  Spencer  Coimty  south  of  the  line  which  separates 
townshii)s  5  south  from  that  of  G  south,  and  west  of  a  lino  running  north 
and  south  through  Grand  view,  may  be  divided  into  two  physiographic 
regions,  a  plain  and  a  hill  region. 

The  plain  may  be  subdivided  into  three  jmrts.  First,  a  broad,  level 
plain  extending  southwest  along  the  wc!sl<n*ii  boundary  of  the  county.  (See 
Fig  1.)  It  has  the  same  general  trend  as  Little  Pigeon  Creelv,  and  will 
therefore  be  called  Pigeon  Plain,  althougli  it  is  not  now  ocoupiod  by  Little 
Pigeon  Creek.  The  two  valleys  are  separatt^  and  distiiut.  Where  Pigeon 
Plain  enters  the  nurthorn  part  of  the  area  under  considfratiou  it  is  about 
two  miles  wide.  It  gradually  widens  until  at  Midway  it  is  about  four 
miles,  at  Richland  live,  and  continues  at  this  Avidth  until  it  enters  the 
second  division  of  the  plain  region,  the  river  plain  of  the  present  Ohio. 

Only  a  portion  of  this  river  plain  comes  properly  under  the  present  dis- 
cussion of  Spfucer  county,  as  a  part  lies  in  Kentucky.  Taking  the  two 
parts  together,  the  average  width  of  the  plain  is  between  four  an<l  five 
miles.  That  portion  which  lies  in  Indiana  is  very  irregular  on  account  of 
the  meandering  course  of  the  river.    It  Includes  all  land  locally  termed  the 
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river  bottoms.  Near  Grandview  the  bottoms  are  about  a  mile  wide.  At 
Bockport  tbe  river-  strikes  aprainst  the  bounding  bluffs,  so  the  Indiana 
portion  of  the  valley  is  here  reduced  to  zero.  The  river  then  rebounds 
toward  the  bordering  hills  in  Kentucky,  which  it  strikes  at  Bonne, 
Harbor  Hill,  a  few  miles  below  Owensboro,  Ky.  This  makes  the  plain 
north  of  Owensboro  three  and  a  half  miles  wide.  At  Enterprise,  seven 
miles  below  Owensboro,  the  plain  is  only  half  a  mile  wide.  Three  and  a 
half  miles  below  Enterprise  the  river  plain  merges  into  Pigeon  Plain. 

The  third  portion  of  the  plain  enters  the  river  plain  between  Grandview 
and  Rockport  its  southern  portion  including  part  of  the  town  of  Rockport. 
11  is  here  three  miles  wide.  Narrowing  down  to  two  miles,  it  extends 
wostwnrd  three  miles,  where  it  turns  abruptly  northward  and  enters  a 
porge  a  full  mile  wide.  After  going  three  miles  in  this  direction  it  turns 
westward  again  and  enters  Pigeon  Plain  two  miles  east  of  Richland,  in 
section  '^l,  township  7  south,  range  6  west.  The  narrow  part  of  this  plain 
was  occupied  by  a  shallow  pond  of  water  when  this  country  was  first 
settled.  This  pond  was  called  'The  Lake"  by  the  early  settlers.  For  thl» 
reason  this  division  will  be  called  Lake  Plain,  although,  as  will  be  shown 
later,  the  lake  is  a  result  and  not  a  cause  of  the  plain. 

These  three  plains  so  merge  into  one  another  that  It  is  impossible  to 
tell  where  one  begins  and  the  other  ends.  The  difference  in  levels  of  all 
three  is  very  slight,  not  being  over  25  feet  except  in  four  places,  where 
Honey  Creek,  Lake  Drain  Creek,  Enterprise  Creek  and  Little  Pigeon 
Creek  have  cut  narrow,  deep  channels  in  the  yielding  alluvium. 

Tiie  surface  is  so  nearly  level  that  large  portions  either  are  or  were 
swampy.  In  Lake  Plain  is  Swan  Pond,  covering  portions  of  sections  5,  8 
and  ;»2;  township  7  south,  range  G  west,  grained  by  Swan  Pond  Ditch;  a 
marshy  place,  near  Silver  Dale  Church,  drained  by  Kennedy's  Ditch,  and 
the  Lake  covering  sections  5,  8  and  32,  township  7  south,  range  0  west^ 
drained  by  a  ditch  constructed  in  1896  and  emptying  Into  Lake  Drain 
Creek. 

In  Pigeon  Plain  is  a  series  of  ditches  draining  the  "black  land*'  north 
of  Midway;  Sweezer*s  Ditch,  draining  Sweezer's  Pond:  Lake  Ditch,  drain- 
ing a  swampy  area  in  sections  24  and  25,  township  7  south,  range  7  west, 
and  sections  10,  30  and  31,  township  7  south,  range  6  west;  Cow  Pond  and 
Hoop  Pole  Ditches,  draining  land  near  Richland,  and  Shoptaugh  and  Wil- 
low Pond  Ditches,  draining  land  farther  south.  In  the  river  plain  there 
are  many  small  ditches  draining  low  tracts. 
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The  hill  roRlon  occupies  all  land  not  occupied  by  tlie  plain.  It  will  be 
seen  from  the  location  and  interconnection  of  these  plains  that  the  hill 
land  is  divided  into  two  parts.  One.  a  rouphly  triangular  portion,  has  its 
apex  at  the  meeting  of  the  Lake  and  Pigeon  plains  and  its  base  roughly  a 
little  below  the  southern  line  of  township  7  soutli.  This  region  is  char- 
acterized by  a  great  number  of  hills  rising  on  an  average  from  40  to  60 
feet  above  the  plain.  The  highest  pait  of  the  triangular  hill  land  is  in 
Rockport,  near  the  junction  of  Lake  and  River  plains,  where  the  hills 
rise  120  feet  above  the  plain.  The  next  highest  Is  at  the  junction  of 
Pigeon  and  River  plains,  whore  the  hills  reach  the  height  of  90  feet.  The 
bordering  hills  arc  in  general  higher  than  the  interior  hills  and  the  hills  on 
the  south  and  east  higher  than  those  on  the  west. 

The  other  portion  of  the  hill  land  Is  higher  and  more  irregular.  The 
highest  point  measured  Is  In  the  northwest  quarter  of  the  northwest  quar- 
ter of  section  3,  township  7  south,  range  0  west,  where  the  "knobs"  rise 
240  feet  alwve  the  moan  level  of  the  plain.  It  is  probable  that  the  Cen- 
terville  knobs,  three  miles  to  the  north,  are  higher. 

Pigeon  Plain  is  naturally  divided  into  two  parts  by  a  terrace  (Fig. 
1)  about  15  feet  high,  which  begins  near  the  point  where  Lake  Plain 
joins  Pigeon  Plain  and  extends  In  a  general  northwesterly  direction  past 
Midway  to  Little  Pigeon  Creek.  The  plain  north  of  this  line  Is  about  15 
feet  higher  than  the  portion  south.  The  soil  to  the  south  Is  the  same  as 
that  which  covers  the  river  bottoms;  that  to  the  north  Is  entirely  different 
being  a  sort  of  reddish  clay  In  some  parts  of  the  region  and  a  very  black 
peaty  soil  in  others.  This  black  portion  Is  locally  known  as  "black 
land."  Other  differences  between  the  northern  and  southern  parts  of  Pig- 
eon Plain  will  be  mentioned  later. 

All  the  hills  on  the  border  of  the  triangular  hill  land,  the  hills  along 
the  southern  boundry  of  the  northern  hill  land  from  Grand  view  as  far  as 
the  point  where  Lake  and  Pigeon  plains  meet,  and  the  hills  from  that 
point  to  Little  Pigeon  Creek,  along  the  line  of  the  terrace,  are  covered 
with  typical  river  bluff  loess. 

The  region  In  the  Interior  of  all  the  triangular  hill  land  and  for  a  short 
distance  north  of  the  southern  boundary  of  the  northern  hill  land  Is  cov- 
ered with  typical  Inters! ream  loess. 

In  all  the  plain  region  bounde<l  by  the  loess-capped  hills:  that  Is,  all 
the  River  I*lain,  Lake  I*laln  and  that  portion  of  Pigeon  Plain  south  of  the 
terrace,  except  a  narrow  strli»  in  a  few  places  along  the  base  of  the  hills. 
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wells  reveal  a  great  trench  filled  with  an  Irregular  series  of  clays  and 
water-bearing  sands  and  gravels.  This  is  the  region  of  the  driven  wells 
(see  map  of  "Driven  Weil  Area").  In  the  hill  region  and  most  of  the  region 
in  Pigeon  Plain  north  of  the  terrace  all  wells  strike  rock  at  comparatively 
shallow  depths. 

As  the  name  would  imply,  In  the  region  of  driven  wells  all  wells  are 
driven.  This  method  of  sinking  wells  makes  accurate  well  sections  hard 
to  obtain.  The  only  thing  that  can  be  obtained  accurately  is  the  depth  or 
depths  of  the  water-bearing  strata  and  in  a  general  way  something  of 
what  was  passed  through  before  water  was  found.  Only  a  few  open  wells 
are  found  in  this  region,  and  they  were  dug  so  long  ago  that  less  can  be 
learned  from  them  than  from  the  driven  wells. 

The  depth  of  the  driven  wells  varies  considerably,  in  one  place  a  differ- 
ence of  10  feet  having  been  noticed  betwen  two  wells  on  level  ground  not 
40  feet  apart.  Ihe  deepest  wells  found  are  near  Rockport.  One  is  70,  the 
other  G5  feet.  Neither  struck  rock.  The  normal  depth  of  wells  in  middle 
Lake  Plain  and  Nortliem  Pigeon  Plain  south  of  the  terrace  range  from  17 
to  40  feet.  Very  few  wells  are  deeper.  One  well,  50  feet  deep,  in  the  nar- 
rowest part  of  Lake  Plain,  did  not  strike  rock.  In  River  Plain  they  range 
from  30  to  GO  feet 

From  these  wells  we  learn  something  of  the  original  depth  of  this  filled 
valley.  If  all  these  sands  and  gravels,  which  underlie  Lake.  River  and  a 
portion  of  Pigeon  Plain  could  be  removed,  a  valley  extending  at  least  56 
feet  and  probably  more  than  70  feet  below  the  present  plain  level,  and  hav- 
ing its  sides  of  middle  carboniferous  formation,  would  be  revealed.  (See 
Fig.  2.) 

This  valley  is  the  same  depth  as  the  half-filled  Ohio  gorge,  of  which  it 
is  a  continuation.  It  is  filled  with  the  same  materials.  The  hills  on  each 
side  are  covered  with  typical  river  bluff  loess  in  the  same  manner  as  those 
on  the  erosion  scarp  of  the  Ohio.  The  levels  of  the  Plains  are  so  nearly 
the  same  that  a  portion  of  the  waters  of  the  flood  of  1884  rushed  through 
the  Lake  Plain,  and  entering  Pigeon  Plain,  one  part  followed  the  terrace  * 
and  then  tin-ned  southward  to  meet  the  other  part  and  join  the  waters  of 
the  Ohio  again  where  Pigeon  and  River  Plains  meet.  This  stream  was 
four  feet  deep,  and  flowed  with  such  swiftness  along  the  base  of  the  bluff 
where  Pigeon  and  Lake  Plains  meet  that  a  man  could  not  have  stood  up- 
right in  it. 

All  these  facts  lead  to  the  conclusion  that  the  Ohio  River  at  one  time 
flowed  through  Lake  Plain  and  down  through  Pigeon  Plain,  entering  the 
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Ohio  Valley  again  between  Euteri>rise  and  the  eastern  part  of  Warrick 
County. 

To  the  erosive  power  of  the  river  is  to  be  attributed  the  greater  part,  if 
not  the  whole,  of  the  valley  now  occupied  by  I^ake  Plain.  In  Pigeon  Plain 
the  worik  done  was  simply  the  deepening,  and  it  may  be  a  little  broadening, 
on  the  eastern  side  of  a  broad  valley,  extending  from  the  northeast,  which 
the  river  entered  after  cutting  through  the  rock  in  Lake  Plain.  A  portion 
of  this  more  ancient  valley  extending  from  the  northeast  still  remains  in- 
tact north  of  the  terrace.  The  terrace  being  simply  the  northern  boundary 
of  the  Ohio's  down  cutting  in  the  more  ancient  valley. 

The  work  done  in  cutting  out  the  Lake  Plain  valley  through  solid 
sandstone,  limestone  and  shale  is  probably  just  about  equal  to  the  deepen- 
ing of  the  more  ancient  Pigeon  Plain.  This  would  explain  in  great  part 
at  least  the  conspicuous  difference  in  width  which  exists  between  various 
parts  of  the  old  river  cut-off. 

Nearly  all  the  swampy  area  mentioned  above,  that  is  the  lands  drained 
by  Swan  Pond,  Lake  Drain,  Lake,  Sweezer*s  Cow  Pond,  and  Hoop-pole 
ditches  are  simply  portions  of  the  old  channel  which  have  been  but  Imper- 
fectly filled.  They  are  in  some  respects  similar  to  the  half-filled  old  river 
cut-offs  and  marshes  of  the  lower  Mississippi,  but  differ  in  that  the  cut-offs 
-of  the  Mississippi  are  made  through  soft  yielding  alluvium,  while  this  one 
has  been  made,  in  i)art  at  lenst,  through  solid  rock. 

The  ancient  stream  plains  which  the  Ohio  entered  after  cutting  through 
the  hills  two  miles  east  of  llicliland  is  locally  called  Pigeon  Valley,  but  as 
has  been  intimated  before,  is  not  at  present  occupied  by  Little  Pigeon 
Creek.  A  cross  section  (see  Fig.  3)  of  the  country  running  southeastward 
along  a  line  drawn  from  a  quarter  east  of  the  middle  of  section  35,  town- 
ship 5  south,  range  7  west,  to  a  quarter  south  of  the  middle  of  section  6, 
town  6  south,  range  G  west,  shows  Little  Pigeon  Creek  in  a  young,  nar- 
row, V-shaped,  rock-bound  valley  separated  by  a  hill  of  sandstone  thirty 
(30)  feet  high  from  the  broad  tiat  alluvial-filled  valley  east  of  it.  Well  sec- 
tions in  this  valley  reveal  in  a  few  places  a  depresson  GO  feet  deep  filled 
with  blue  sand. 

Near  the  base  of  the  hills,  bounding  the  River  Plain,  north  of  Enter- 
prise is  a  series  of  gravels  and  sands  which  are  of  considerable  value 
in  determining  the  age  of  tlie  old  Ohio  cut-off.  The  gravels  rise  40  feet 
in  the  hills  near  the  junction  of  River  and  Pigeon  Plains,  but  after  the 
hills  along  the  eastern  part  of  Pigeon  Plain  are  reached  they  are  nowhere 
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to  be  found.  Evidently  where  these  gravels  were  deposited  no  consider- 
able breach  existed  in  the  line  of  hills  from  the  extreme  southwestern 
point  of  the  triangular  hilMand  to  Warrick  county.  The  Ohio  River 
therefore  flowed  through  Pigeon  Plain  since  the  deposition  of  the  gravel. 

The  presence  of  typical  river  bluff  loess  on  the  sides  of  the  valley 
shows  that  it  was  a  valley  at  the  time  of  the  deposition  of  the  loess.  This 
channel  was  therefore  ciit  between  the  deposition  of  the  gravel  and  the 
loess.  According  to  McGee  the  loess  belongs  to  the  Columbia  division  of 
the  Pleistocene.*  Briefly  there  are  four  reasons  for  referring  the  gravel  to 
the  Tertiary: 

1.  Absence  of  glacial  pebbles  in  the  deposit 

2.  Unconformity  aud  old  soil  between  gravel  and  loess. 

3.  Lithological  resemblance  of  bed  to  known  Tertiary  beds. 

4.  Erosion  record  furnished  by  old  river  channel. 

If  the  gravels  are  Tertiary  they  must  belong  to  the  Lafayette  division 
of  the  Neocene,  for  they  resemble    no  other  Tertiary  formation. 

These  facts  seem  to  establish  the  age  of  the  old  river  channel.  Since 
it  seems  probable  that  Lafayette  sands  and  gravels  are  not  found  in  the 
old  channel,  it  was  cut  after  the  Lafayette  time.  The  loess  shows  that  It 
existed  as  a  valley  during  the  Columbia  period.  It  was  therefore  cut  dur- 
ing  the  Post  Lafayette  and  Pre-Columbia  High  Level,  or  in  other  words, 
in  the  high  level  period  which  preceded  the  first  glacial  invasion. 

During  the  "Pre-Lafayette  High  Level"  the  land  in  this  region  stood 
Just  about  the  same  height  as  now,  and  thus  the  Ohio  cut  or  deepened  the 
valley  it  now  occupies.  This  was  followed  by  the  Lafayette  low-level, 
when  the  ocean  covered  the  eastern  plain  and  a  great  bay  extended  up  the 
Mississippi  Valley.  An  arm  of  this  bay  extended  up  the  Ohio  past  Spencer 
county.  During  this  time  the  sands  and  gravels  were  laid  down  as  an 
estuarine  deposit 

After  the  deposition  of  this  gravel  the  land  rose  probably  100  feet 
Above  its  Pre-Lafayette  level  in  Spencer  County,  and  the  Ohio  cut  out 
most  of  the  gravel  beds  laid  down  in  the  Lafayette.  It  trenched  over  70 
feet  into  the  underlying  Carboniferous  rocks,  and  at  some  time  during  this 
period,  for  reasons  not  evident  at  present,  it  turned  aside  and  cut  out  the 
thannel  now  occupied  by  Lake  Plain  and  that  portion  of  Pigeon  Plain 
south  of  the  terrace. 


^  U.  8.  Geological  Survey,  12th  Annual  Report,  p.  381. 
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An  Act  to  provide  fob  the  publication  of  the  bepobts  and  papers  of 

THE  Indiana  Academy  of  Science. 

[Approved  March  11, 1896.] 

Whebeas,  The  Indiaiia  Academy  of  Science,  a  chartered 
Preamble.  scientific  association,  has  embodied  in  its  constitution  a  pro- 
vision that  it  will,  upon  the  request  of  the  Governor,  or  of  the 
several  departments  of  the  State  government,  through  the  Governor,  and 
through  its  council  as  an  advisory  body,  assist  in  the  direction  and  execu- 
tion of  any  investigation  within  its  province,  without  pecuniary  gain  to 
the  Academy,  provided  only  tliat  the  necessary  expenses  of  such  investi- 
gation are  borne  by  the  State,  and. 

Whereas,  The  reports  of  the  meetings  of  said  Academy,  with  the  sev- 
eral papers  read  before  It,  have  very  great  educational,  industrial  and 
economic  value,  and  should  be  preserved  in  permanent  form,  and, 

Wuereas,  The  Constitution  of  the  State  makes  it  the  duty  of  the  Gen- 
eral Assembly  to  encourage  by  all  suitable  means  intellectual,  scientiflc 
and  agricultural  improvement,  therefore. 

Section  1.    Be  it  vnacted  by  the  General  Assenibly  of  the 
Pablication 

of  the  re-       i^tate  of  Indiana,  That  hereafter  the  annual  reports  of  the 

forts  of  the 
ndiana        meetings  of  the  Indiana  Academy  of  Science,  beginning  with 
Acadeoiy 
of  Science,     tlie  report  for  the  year  1894,  including  all  papers  of  scientific 

or  economic  value,  presented  at  such  meetings,  after  they  shall  have  been 
edited  and  prepared  for  publication  as  hereinafter  provided,  shall  be  pub- 
lished by  and  under  the  direction  of  the  Commissioners  of  Public  Printing 
and  Binding. 

Sec.  2.    Said  reports  shall  be  edited  and  prepared  for  pub- 
Editing  llcation  without  expense  to  the  State,  by  a  corps  of  editors  to 

reports. 

be  selected  and  appointed  by  the  Indiana  Academy  of  Science, 
who  shall  not,  by  reason  of  such  services,  have  any  claim  against  the 
State  for  compensation.     The  form,  style  of  binding,  paper,  typography 
and  manner  and  extent  of  illustration  of  such  reports,  shall 
printed^        ^>6  determined  by  the  editors,  subject  to  the  approval  of  the 
repor  8.         Commissioners  of  Public  Printing  and  Stationery.     Not  less 
than  1,500  nor  more  than  3,000  copies  of  each  of  said  reports  shall  be  pub- 
lished, the  size  of  the  edition  within  said  limits,  to  be  determined  by  the 


concurrent  action  of  the  e<Jitors  and  the  Commissioners  of  Public  Print- 
ing and  Stationery:     Provided,  That  not  to  exceed  six  hundred  dollars 
($600)  shall  be  expended  for  such  publication  in  any  one  year, 
and  not  to  extend  beyond  1896:    Provided,  That  no  sums  shall    ^''**^"®- 
be  deemed  to  be  appropriated  for  the  year  1894. 

Sec.  3.    All  except  three  hundred  copies  of  each  volume  of 

said  reports  shall  be  placed  in  the  custody  of  the  State  Libra-     DispoBition 

01  reports. 

rian,  who  shall  furnish  one  copy  thereof  to  each  public  li- 
brary in  the  State,  one  copy  to  each  university,  college  or  normal  school 
in  the  State,  one  copy  to  each  high  school  in  the  State  having  a  library, 
which  shall  make  application  therefor,  and  one  copy  to  such  other  insti- 
tutions, societies  or  persons  as  may  be  designated  by  the  Academy 
through  its  editors  or  its  council.  The  remaining  three  hundred  copies 
shall  be  turned  over  to  the  Academy  to  bo  disposed  of  as  It  may  de- 
termine. In  order  to  provide  for  the  preservation  of  the  same  it  shall 
be  the  duty  of  the  Custodian  of  the  State  House  to  provide  and  place  at 
the  disposal  of  the  Academy  one  of  the  unoccupied  rooms  of  the  State 
House,  to  be  designated  as  the  office  of  the  Indiana  Academy  of  Science, 
wherein  said  copies  of  said  reports  belonging  to  the  Academy,  together 
with  the  original  manuscripts,  drawings,  etc.,  thereof  can  be  safely  kept, 
and  he  shall  also  equip  the  same  with  the  necessary  shelving  and  furni- 
ture. 

Sec.  4.    An  emergency  Is  hereby  declared  to  exist  ror  the 
Immediate  taking  effect  of  this  act,  and  It  shall  therefore  take     EmerRency. 
effect  and  be  In  force  from  and  after  Its  passage. 


An  Act  fob  the  protection  of  bibds,  thi:ir  nests  and  egos. 

[Approved  March  5, 1891.) 

Section  1.    Be  it  enacted  by  the  General  Assembly  of  the  State 

Bird'. 

of  Indiana,  That  It  shall  be  unlawful  for  any  person  to  kill  any 
wild  bird  other  than  a  game  bird,  or  purchase,  offer  for  sale  any  such  wild 
bird  after  It  has  been  killed,  or  to  destroy  the  nests  or  the  eggs  of  any 
wild  bird. 

Sec.  2.    For  the   purpose  of   this  act  the  following  shall 
be    consldereil  game  birds:    the  Anatldne,   commonly   called 
swans,  geese,  brant,  and  river  and  sea  ducks;    the  Kallldns  commonly 
known  as  rails,  coots,  mudhens,  and  galllnules;   the  Llmi(roln\  commonly 
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known  as  shore  birds,  plovers,  surf  birds,  snipe,  woodcock  and  sand- 
pipers, tattlers  and  curlews;  the  Galllnse,  commonly  known  as  wild  tur- 
keys, grouse,  prairie  chickens,  quail,  and  pheasants,  all  of  which  are  not 
intended  to  be  affected  by  this  act. 

Sec.  3.    Any  person  violating  the  provisions  of  Section  1 
ena  y.  ^^  ^j^j^  ^^^  shall,  upon  conviction,  be  fined  in  a  sum  not  less 

than  ten  nor  more  than  fifty  dollars,  to  which  may  be  added  imprisonment 
for  not  less  than  five  days  nor  more  than  thirty  days. 

Sec.  4.    Sections  1  and  2  of  this  act  shall  not  apply  to  any 

person  holding  a  permit  giving  the  right  to  take  birds  or  their 

nests  and  eggs  for  scientific  purposes,  as  provided  in  Section  5  of  this  act. 

Permitato  ^^^'  ^*    P^^"^*^s  may  be  granted  by  the  Executive  Board 

Science.        ^f  ^i^g  Indiana  Academy  of  Science  to  any  properly  accredited 

person,  permitting  the  holder  thereof  to  collect  birds,  their  nests  or  eggs 

for  strictly  scientific  purposes.     In  order  to  obtain  such  permit  the  ap- 

plicant  for  the  same  must  present  to  said  Board  written  testimonials 

from  two  well-known  scientific  men  certifying  to  the  good  character  and 

fitness  of  said  applicant  to  be  entrusted  with  such  privilege  and  pay  to 

said  Board  one  dollar  to  defray  tlie  necessary  expenses  attending  the 

granting  of  such  permit,  and  must  file  with  said  Board  a 

properly  executed  bond  in  the  sum  of  two  hundred  dollars, 

signed  by  at  least  two  responsible  citizens  of  the  State  as  sureties.    The 

g^   ,  bond  shall  be  forfeited  to  the  State  and  the  permit  become 

feited.  void  upon  proof  that  tlie  liolder  of  such  permit  has  killed 

any  bird  or  taken  the  nests  or  eggs  of  any  bird  for  any  other  purpose  than 

that  named  In  this  section  and  shall  further  be  subject  for  each  offense 

to  the  penalties  provided  in  this  act. 

Sec.  6.    The  permits  authorized  by  this  act  shall  be  in 
force  for  two  years  only  from  the  date  of  their  issue,  and 
shall  not  be  transferable. 

Sec.  7.    The  English  or  European  house  sparrow  (passer 
ir  8  0  prey,  (j^niestlcus),  crows,  hawks,  and  other  birds  of  prey  are  not 
included  among  the  birds  protected  by  this  act. 

Sec.  8.  All  acts  or  parts  of  acts  heretofore  passed  in  con- 
Act*  repealed,  ^j^.^  ^,^^^  ^j^^  provisions  of  this  act  are  hereby  repealed. 

Sec.  9.  An  emergency.  Is  declared  to  exist  for  the  imme- 
Emergenry.  ^^^^^^  taking  effect  of  this  act,  therefore  the  same  shall  be 
in  force  and  effect  from  and  after  its  passage. 
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Takino  Fish  i-'or  Scientific  Purposes. 

Section  2,  Chapter  XXX,  Acts  of  1899,  page  45,  makes  the  following 
provision  for  the  taking  of  flsh  for  scientific  purposes:  "Provided,  That  in 
all  cases  of  scientific  ol)sorvation  he  [the  Commissioner  of  Fisheries  and 
Game]  shall  require  a  permit  from  the  Indiana  Academy  of  Science.' 
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CONSTITI^TION. 


ARTICLE  I. 

Section  1.  This  association  shall  be  called  the  Indiana  Academy  of 
Science. 

Sec.  2.  The  objects  of  this  Academy  shall  be  scientific  research  and 
the  diffusion  of  knowledge  concerning  the  various  departmouts  of  science: 
to  promote  Intercourse  between  men  engaged  in  scientific  work,  especially 
in  Indiana;  to  assist  by  Investigation  and  discussion  in  developing  and 
making  known  the  material*  educational  and  other  resources  and  riches 
of  the  State;  to  arrange  and  prepare  for  publication  such  reports  of  in- 
vestigation and  discussions  as  may  further  the  aims  and  objects  of  the 
Academy  as  set  forth  In  these  articles. 

Whereas,  the  State  has  undertaken  the  publication  of  such  proceed- 
ings, the  Academy  will,  upon  request  of  the  Governor,  or  of  one  of  the 
several  departments  of  the  State,  through  tlie  Governor,  act  through  its 
council  as  an  advisory  body  in  the  direction  and  execution  of  any  investi- 
gation within  its  province  as  stated.  The  necessary  expenses  incurred  In 
the  prosecution  of  such  investigation  are  to  be  borne  by  the  State;  no 
pecuniary  gain  is  to  come  to  the  Academy  for  Its  advice  or  direction  of 
such  Investigation. 

The  regular  proceedings  of  the  Academy  as  published  by  the  State 
shall  become  a  public  document. 

ARTICLE  II. 

• 

Section  1.  Members  of  this  Academy  shall  l)e  honorary  fellow.*?,  fel- 
lows, non-resident  members  or  active  membere. 

Sec.  2.  Any  person  engaged  in  any  department  of  scientific  work, 
or  in  original  research  In  any  department  of  science,  shall  be  eligible 
to  active  membership.  Active  members  may  be  annual  or  life  members. 
Annual  members  may  be  elected  at  any  meeting  of  the  Academy;  they 
shall  sign  the  constitution,  pay  an  admission  fee  of  two  dollars,  and  there- 
after an  annual  fee  of  one  dollar.     Any  person  who  shall  at  one  time 
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contribute  fifty  dollars  to  the  funds  of  this  Acadoniy,  may  be  eleete<l  a 
life  member  of  the  Aoadeiny.  free  of  assessment.  Non-resident  members 
may  be  elected  from  those  who  have  been  active  members  but  who  have 
removed  from  the  State.  In  any  case,  a  three- fourths  vote  of  the  mem- 
bers present  shall  elect  to  membership.  Applications  for  membership  in 
any  of  the  foregoing  classes  shall  be  referred  to  a  committee  on  applica- 
tion for  membership,  who  shall  consider  such  application  and  report  to 
the  Academy  before  the  election. 

Sec.  3.  The  members  who  are  actively  engaged  in  scientific  work,  who 
have  recognized  standing  as  scientific  men,  and  who  have  been  members 
of  the  Academy  at  least  one  year,  may  be  recommended  for  nomination 
for  election  as  fellows  by  three  fellows  or  members  personally  acquainted 
with  their  work  and  character.  Of  members  so  nominated  a  number  not 
exceeding  five  in  one  year  may,  on  recommendation  of  the  Executive 
Committee,  be  elected  as  fellows.  At  the  meeting  at  which  this  is 
adopted,  the  members  of  the  Exe(?utive  Committee  for  1894  and  fifteen 
others  shall  be  elected  fellows,  and  those  now  honorary  members  shall 
become  honorary  fellows.  Honorary  fellows  may  be  elected  on  account 
of  special  prominence  in  science,  on  the  written  recommendation  of  two 
members  of  the  Academy.  In  any  case  a  three-fourths  vote  of  the  mem- 
bers present  shall  elect. 

ARTICLP]  III. 

Section  1.  The  ofllcers  of  this  Academy  shall  be  chosen  by  ballot 
at  the  annual  meeting,  and  shall  hold  ofiice  one  year.  They  shall  consist 
of  a  president,  vice-president,  secretary,  assistant  secretary,  press  secre- 
tary, and  treasurer,  who  shall  perform  the  duties  usually  pertaining  to 
their  respective  offices  and  in  addition,  with  the  ex-presidents  of  the 
Academy,  shall  constitute  an  executive  committee.  The  president  shall, 
at  each  annual  meeting  appoint  two  members  to  be  a  committee  which 
shall  prepare  the  programmes  and  have  charge  of  the  arrangements  for 
all  meetings  for  one  year. 

Sec.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city 
of  Indianapolis  within  the  week  following  Christmas  of  each  year,  un- 
less otherwise  ordered  by  the  executive  committee.  There  shall  also  be 
a  summer  meeting  at  such  time  and  place  as  may  be  decided  upon  by  the 
executive  committee.     Other  meetings  may  be  called  at  the  discretion 
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of  the  executive  committee.  Tlie  past  presidents,  togetlier  witli  the 
officers  and  executive  committee,  sliall  constitute  the  Council  of  the 
Academy,  and  represent  it  in  the  transaction  of  any  necessary  business 
not  specially  provided  for  In  this  constitution,  in  the  interim  between 
general  meetings. 

Sec.  3.  This  constitution  may  b*'  altered  or  amended  at  any  annual 
meeting  by  a  three-fourths  majority  of  attending  members  of  at  least  one 
year's  standing.  No  qu(»stion  of  niuendment  shall  be  decided  on  the  day 
of  its  presentation. 


J5Y-LAAVS. 


1.  On  motion,  any  special  department  of  science  shall  be  assigned  to  a 
curator,  whose  duty  It  shall  be,  with  the  assistance  of  the  other  members 
Interested  In  the  same  department,  to  endeavor  to  advance  knowledge  in 
that  particular  department.  Each  curator  shall  report  at  such  time  aiid 
place  as  the  Academy  shall  direct.  These  reports  shall  Include  a  brief 
summary  of  the  progress  of  the  department  during  the  year  preceding  the 
presentation  of  the  report. 

2.  Tlie  president  shall  deliver  a  public  address  on  the  evening  of  ono 
of  the  days  of  the  meeting  at  the  expiration  of  his  term  of  office. 

3.  The  press  secretary  shall  attend  to  the  securing  of  proper  news 
paper  reports  of  the  meetings  and  assist  the  secretary. 

4.  No  special  meeting  of  the  Academy  shall  be  held  without  a  notice 
of  the  same  having  been  sent  to  the  address  of  each  member  at  least 
fifteen  days  l>efore  such  meeting. 

5.  No  bill  against  the  Academy  shall  be  paid  without  an  order  signed 
by  the  president  and  countersigned  by  the  secretary. 

6.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two 
years,  having  been  annually  notified  of  their  arrearage  by  the  treasurer, 
shall  have  their  names  stricken  from  the  roll. 

7.  Ten  members  shall  constitute  a  quorum  for  the  transaction  of  busl 
uess.  I 
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MEMBERS. 


FELLO  WS. 

R.  J.  Aley *1898 Bloomington. 

J.  C.  Arthur 1898  Lafayette. 

P.  S.  Baker 1893  Greencastle. 

George  W.  Benton 1896  Indianapolis. 

A.  J.  Bigney 1897  Moore's  Hill. 

A.  W.  Bitting 1897  Lafayette. 

W.  S.  Blatchley 1893  Indianapolis. 

J.  C.  Branner 189:^  Stanford  University,  Cal. 

Wm.  Lowe  Bryan 1895 Bloomington. 

Severance  Burrage 1898  Lafayette. 

A.  W.  Butler 1893  Indianapolis. 

R.  E.  Call 1894  Brooklyn,  N.  Y. 

J.  L.  Campbell 1893  Crawfordsville. 

Jpha  M.  Coulter 1893  Chicago,  111. 

Stanley  Coulter 1893  Lafayette. 

D.  W.  Dennis 1895  Richmond. 

C.  R.  Dryer 1897  Terre  Haute. 

A.  Wilmer  Duff 1896  Lafayette. 

C.  H.  Eigenmann 1893  Bloomington. 

A.  L.  Foley 1897  Bloomington. 

Katherine  E.  Golden 1895  Lafayette. 

W.  F.  M.  Gogs 1893  Lafayette. 

Thomas  Gray 1893  Terre  Haute. 

A.  S.  Hathaway 1895  Terre  Haute. 

O.  P.  Hay 1893  Washington,  D.  C. 

H.  A.  Huston 1893 Lafayette. 

J.  P.  D.  John 1893  Greencastle. 

D.  S.  Jordan 1893  Stanford  University,  Cal. 

Arthur  Kendrick 1898  Terre  Haute. 

Robert  E.  Lyons ' 1896  Bloomington. 

V.  F.  Marsters 1893 Bloomington. 


*Dato  of  election. 
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C.  L.  Mee« *l«i)4  Terre  Haute. 

T.  C.  Mendenhall 1893  Worcester,  Mass. 

Joseph  Moore 1896 Richmond. 

D.  M.  Mottier 1893  Bloomington. 

W.  A.  Noyes 1893  Terre  Haute. 

L.  J.  Rettger 1896  Terre  Haute. 

J.  T.  Scovell 1894 Terre  Haute. 

Alex.  Smith 1893 Chicago,  111. 

Moses  C.  Stevens 1898  Lafayette. 

W.  E.  Stone 1893  Lafayette. 

Joseph  Swain 1898 Bloomington. 

M.  R.  Thomas 1893  Crawfordsville. 

L.  M.  Underwood 1893  New  York  City. 

+T.  C.  Van  Nuys 1893 Bloomington. 

C.  A.  Waldo 1893     Lafayette. 

F.  M.  Webster 1894 Wooster,  O. 

H.  W.  \Viley  1895  Washington,  D.  C. 

John  S.  Wright 1894  Indianapolis. 

NON-RESIDENT  MEMBERS. 

D.  H.  Campbell Stanford  University,  Cal. 

B.  W.  Evermann Washington,  D.  C. 

Charles  H.  Gilbert Stanford  University,  Cal. 

C  W.  Green Stanford  University,  Cal. 

C.  W.  Hargitt Syracuse,  N.  Y. 

Edward  Hughes Stockton,  Cal. 

O.  P.  Jenkins Stanford  University,  Cal. 

J.  S.  Kingsley Tufts  College,  Mass. 

Alfred  ^Springer    Cincinnati,  O. 

Robert  B.  Warder Washington,  D.  C. 

Ernest  Walker Clemson  College,  S.  C. 

.4  CTI VE  MEMBERS. 

G.  A.  Abbott Evansville.  . 

Frederick  W.  Andrews Bloomington. 


^  Date  uf  election. 

t  Deceased,  August  1, 1898. 
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Curtis  Atkinson Bloomington. 

Gr«orge  H.  Ashley Indianapolis. 

Edward  Ayres Lafayette. 

Timothy  H.  Ball Crown  Point. 

J.  A.  Bergstrom Bloomington. 

Alexander  Black Oreencastle. 

Edwin  M.  Blake Lafayette. 

Lee  F.  Bennett Valparaiso. 

Donaldson  Bodine Crawfordsville. 

M.  C.  Bradley Bloomington. 

M.  A.  Brannon Grand  Forks,  N.  D. 

Fred  J.  Breeze Pittsburg. 

J.  A.  Brice 

Frank  P.  Bronson Indianapolis. 

O.  W.  Brown 

Charles  C.  Brown Bloomington,  III. 

H.  L.  Bruner Irvington. 

A.  Hugh  Bryan Lafaye  te. 

J.  B.  Burris Cloverdale. 

Ada  C.  Campbell South  Bend. 

E.  J.  Chansler Bicknell. 

Fred  M.  Chamberlain Bloomington. 

Walter  W.  Chipman Warsaw. 

Qeorge  Clements Crawfordsville. 

H.  J.  Clements Washington. 

Charles  Clickener Tangier. 

Mel.  T.  Cook Oreencastle. 

U,  O.  Cox Ilankato,  Minn. 

Albert  B.  Crowe Ft.  Wayne. 

M.  E.  Crowell Indianapolis. 

Olenn  Culbertson " Hanover. 

Will  Cumback Greensburg. 

Alida  M.  Cunningham Lafayette. 

H.  S.  Cunningham Indianapolis. 

B.  M.  Davis Los  Angeles,  Cal. 

Martha  Doan Westfield. 

J.  P.  Dolan Syracuse. 

Hans  Duden Indianapolis, 
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Joseph  Eastman Indianapolis. 

£.  Q.  Eberhardt Indianapolis. 

M.  N.  Elrod Columbas. 

F.  L.  Emory Morgantown,  W.  Va. 

Percy  Norton  Evans Lafayette. 

Samnel  G.  Evans Evansville. 

Carlton  Q.  Ferris Big  Rapids,  Mich. 

E.  M.  Fisher Urmeyville. 

J.  R.  Francis Indianapolis. 

Aastin  Fank New  Albany. 

J.  B.  Gamer Crawfordsville. 

Robert  G.  Gillum Terre  Haute. 

Michael  J.  Golden Lafayette. 

W.  E.  Goldsborongh Lafayette. 

8.  a  Gorby Franklin. 

Vernon  Grould Rochester. 

J.  C.  Gregg Brazil. 

Alden  H.  Hadley Melbourne,  Fla. 

U.  8.  Hanna Bloomington. 

Chas.  A.  Helvie Chicago. 

Flora  Herr Bloomington. 

Robert  Hessler Indianapolis. 

J.  A.  Hill 

Frank  C.  Higgins Terre  Haute. 

Lncias  M.  Hubbard South  Bend. 

Alex.  Johnson Ft.  Wayne. 

W.  B.  Johnson Franklin. 

Chancey  Juday Bloomington. 

William  J.  Karslake Irvington. 

D.  S.  Kelley JefTersonville. 

O.  L.  Kelso Terre  Haute. 

A.  M.  Kenyon Lafayette. 

E.  M.  Kindle Bloomington. 

Ernest  I.  Kizer South  Bend. 

Charles  T.  Knipp Bloomington. 

Thomas  Large Evansville. 

John  Levering Lafayette. 

V.  H.  Lockwood Indianapolis. 

2--SCIIIICK. 
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William  A.  Macbeth Terre  Haute. 

Cora  March Lawrenceburg. 

Robert  Wesley  McBride Indianapolis. 

Bousseau  McClellan Indianapolis. 

D.  T.  McDougal  Minneapolis,  Minn. 

G.  W.  Martin Indianapolis. 

Julius  B.  Meyer Lafayette. 

O.  M.  Mevncke Brookville. 

Franklin  S.  Miller Brookville. 

John  A.  Miller Bloomington. 

W.  J.  Moenkhaus San  Paulo,  Brazil. 

H.  T.  Montgomery South  Bend. 

J.  P.  Naylor Greencastle.  , 

Charles  E.  Newlin Irvington. 

John  F.  Newsom Stanford   University,  Cal. 

E.  W.  Olive Indianapolis. 

D.  A.  Owen Franklin. 

Rollo  J.  Peirce Martinsville. 

W.  H.  Peirce Chicago,  111. 

Ralph  B.  Polk Greenwood. 

James  A.  Price Bloomlield. 

Frank  A.  Preston Indianapolis. 

A.  H.  Purdue Fayetteville,  Ark. 

Ryland  Ratliff Fairmount. 

H.-G.  Reddick Bloomington. 

Claude  Riddle Lafayette. 

Bessie  C.  Ridgley Chicago,  111. 

D.  C.  Ridglev Chicago,  111. 

Curtis  A.  Rinson Bloomington. 

Giles  E.  Ripley Lafayette. 

George  L.  Roberts (ireensburg. 

Adolph  Rodgers New  Castle. 

D.  A.  Rothrock  Bloomington. 

John  F.  Schnaible Lafayette. 

C.  E.  Schafer Huntington. 

E.  A.  Schultze Ft.  Wayne. 

Howard  Schurmann Indianapolis. 

Jol^n  W,  SJicpherd , Terre  Haut«. 
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Claude  Siebenthal Bloomington. 

G.  W.  Sloan In<] ianapolis. 

J.  R.  Slooaker Bloomington. 

Richard  A.  Smart Lafayette. 

Harold  B.  Smith Worcester,  Mass. 

Theo.  W.  Smith Indianapolis. 

Lillian  Snyder Lafayette. 

F.  P.  Stauffer Logansport. 

H.  M.  Stoops Brookville. 

William  Stewart Lafayette. 

George  A.  Talbert West  Superior,  Wis. 

Frank  B.  Taylor Ft.  Wayne. 

S.  N.  Taylor West  Lafayette. 

Erastus  Test Lafayette. 

F.  C.  Test Chicago,  111. 

J.  F.  Thompson Richmond. 

A.  L.  Treadweli Oxford,  Ohio. 

Daniel  J.  Troyer Goshen. 

W.  P.  Turner Lafayette. 

A.  B.  Ulrey North  Manchester. 

W.  B.  Van  Gordcr Knip:ht6town. 

Arthur  C.  Veatch Rockport. 

H.  S.  Voorhees Brookville. 

J.  H.  Voris Huntington. 

F.  A.  Walker Anderson. 

Fred  C.  Whitcomb Delphi. 

William  M.  Whitten  South  Bend. 

Mae  Woldt Irvington. 

W.  L.  Wood Covington. 

William  Watson  Woollen Indianapolis. 

A.  J.  Woolman Duluth,  Minn. 

J.  F.  Woolsey Indianapolis. 

A.  C.  Yoder Vincennes. 

O.  B.  Zell   Clinton. 

Fellows 49 

Non-resident  members 11 

Active  members 141 


Total 201       .*%-iv;s 

Deaths' 2 


20 


21 


LIST  OF  FOREIGN  CORRESPONDENTS. 


AFRICA. 

Dr.  J.   Medley  Wood,   Natal  BotaDical  Gardens,   Berea  Durban,   South 

Africa. 
South  African  Philosophical  Society,  Cape  Town,  South  Africa. 


ASIA. 
China  Branch  Royal  Asiatic  Society,  Shanghai,  China. 
Asiatic  Society  of  Bengal,  Calcutta,  India. 
Geological  Survey  of  India,  Calcutta,  India. 
Indian  Museum  of  India,  Calcutta,  India. 
India  Survey  Department  of  India,  Calcutta,  India. 


Deutsche  Gesellschaf t  ftir  Natur-und  Volkerkunde  Ostasiens,  Tokio,  Japan. 
Imperial  University,  Tokio,  Japan. 


Konlnklijke    Naturkundige  Vereeniging  in  Nederlandsch-Indie,    Batavia. 
Java. 


Hon.  D.  D.  Baldwin,  Honolulu,  Haw^aiian  Islands. 


EUROPE. 

V.  R.  Tschusizu  SchmidhofTen,  Villa  ^annenhof,  Halle  in  Salzburg, 
Austria. 

Herman  von  Vilas,  Innsbruck,  Austria. 

Ethnologische  Mittheilungen  aus  Ungaru,  Budapest,  Austro-Hungary. 

Mathematische  und  Naturwissenschaftliche  Berichte  aus  Ungam,  Buda- 
pest, Austro-Hungary. 

K.  K.  Geologische  Relchsanstalt,  Vienna  (Wlen),  Austro-Hungary. 

K.  U.  Naturwissenschaftliche  Gesellschaft,  Budapest  Austro-Hungary. 

Naturwissenschaftlich-Medizinischer  Verein  in  Innsbruck  (Tyrol),  Austro- 
Hungary. 
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Editors   "Termeszetrajzl   Fuzetk,"   Hungarian  National   Museum,   Buda- 
pest, Austro-Hungary. 
Dr.  Eugen  Dadai,  Adj.  am  Nat.  Mus.,  Butlapcst,  Austro-Hiinjjary. 
Dr.  Julius  von  Madarasz,  Budapest,  Austro-IIungary. 
K.  K.  Naturhistorisches  Hofmuseuni,  Vienna  (Wien),  Austro- Hungary. 
Ornithological  Society  of  Menna  (Wien,)  Austro-Ilungary. 
Zoologische-Botaniscbe  Gesellscliaft  in  Wien,  Wien,  Austro-Hungary. 
Dr.  J.  von  Csato,  Nagy  Enyed,  Austro-Hungary. 


Malacological  Society  of  Belgium,  Brussels,  Belgium. 

Royal  Academy  of  Science,  Letters  and  Fine  Arts,  Brussels,  Belgium. 

Royal  Linnean  Society,  Brussels,  Belgium. 

Society  Beige  de  Greologie,  de  Palaeontologie    et    Hydrologie,   Brussels, 

Belgium. 
Society  Royale  de  Botanique,  Brussels,  Belgium. 
Society  Geologique  de  Belgique,  Li^ge,  Belgium. 


Prof.  Christian  Frederick  I^utken,  Copenhagen,  Denmark. 


Bristol  Naturalists'  Society,  Bristol,  England. 

Geological  Society  of  London,  London,  England. 

Linnean  Society  of  London,  London,  England. 

Liverpool  Geological  Society,  Liverpool,  England. 

Manchester  Literary  and  Philosophical  Socl(»ty,  Manchester,  England. 

"Nature,"  London,  England. 

Royal  Botanical  Society,  liondon,  England. 

Royal  Geological  Society  of  (Cornwall,  Penzance,  England. 

Royal  Microscopical  Society,  T^ondon.  England. 

Zoological  Society,  London,  l^^ngland. 

Lieut-Col.  John  Blddulph,  43  Charing  Cross,  London,  England. 

Dr.  G.  A.  Boulenger,  British  Mus.  (Nat.  Hist.),  London,  England. 

P.  DuCane  Godman,  10  Chandos  St.,  Cavendish  Sq.,  London,  England. 

Hon.  E.  L.  Layard,  Budleigh  Salterton,  Devonshire,  England. 

Mr.  Osbert  Salvin,  Hawksford.  Fernshurst,  Haslemere,  England. 

Mr.  Howard  Saunders,  7  Radnor  Place,  Hyde  Park,  London  W.,  England. 

Phillip  L.  Sclnter,  3  Hanover  Sq.,  London  W.,  England. 
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Dr.  Richard  Bowlder  Slinrpo,  Britisli  Mus.  (Nat  His.),  Ix)ndoii,  England. 
Prof.  Alfred  Kiissrll  Wallace*,  Corfo  Viow,  Parkstone,  Dorset,  England. 


Botanical  Society  of  France,  I»aris,  Prancre. 

MInistferie  do  rAgriciilture,  Paris,  France. 

Society  Entomologique  do  France,  Paris,  France. 

L'Instltut  Grand  Ducal  de  Luxembourg,  Liuxembourg,  Lnz.,  France. 

Soc.  de  Horticulture  et  de  Botan.  de  Marseille,  Marseilles,  France. 

Society  Linneenne  de  Bordeaux,  Bordeaux,  France. 

La  Soc.  Linneenne  de  Norniandlo,  Caen,  France. 

Soc.  des  Naturelles,  etc.,  Nantes,  France. 

Zoological  Society  of  France,  Paris,  France. 

Baron  Louis  d'  Hamonville,  Men r the  et  Moselle,  France. 

Prof.  Alphonse  Milne-Edwards,  Rue  Cuvier,  57,  Paris,  France. 


Botanischer  Vereln  der  Provinz  Brandenburg,  Berlin,  Germany. 

Deutsche  Geologische  Gesellschaft,  Berlin,  Germany. 

Entomologischer  Verein  in  Berlin,  Berlin,  Germany. 

Journal  fUr  Ornithologie,  Berlin,  Germany. 

Prof.  Dr.  Jean  Cabanis,  Alte  Jacob  Strasse,  103  A.,  Berlin,  Germany. 

Augsburger  Naturhistorischer  Verein,  Augsburg,  Germany. 

Count  Hans  von  Berlspsen,  Mfinden,  Germany. 

Braunschweiger  Verein  fiir  Naturwissenschaft,  Braunschweig,  Germany. 

Bremer  Naturwissenschaftlicher  Verein,  Bremen,  Germany. 

Kaiserliche  Leopoldische-Carolinlsche  Deutsche  Akademie  der  Naturfor- 

scher,  Halle,  Saxony,  Germany. 
Koniglich-Sachsische    Gesellschaft    der    Wlssenschaften,    Mathematisch- 

Phj'sische  Classe,  Leipzig,  Saxony,  Germany. 
Naturhistorische  Gesellschaft  zu  Hannover,  Hanover,  Prussia.  Germany. 
Naturwissenschaftlicher  Verein  in  Hamburg,  Hamburg,  Germany. 
Verein  fiir  Erdkundo,  Leipzig,  Germany. 
Verein  fiir  Naturkunde,  Wiesbaden,  Prussia. 


Belfast  Natural  History  and  Philosophical  Society,  Belfast,  Ireland. 
Royal  Dublin  Societj-,  Dublin. 
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Societa  EDtoniologiea  Ttaliana,  Florence,  Italy. 

Prof.  H.  H.  Gijrlioli,  MuHeum  Vertebrate  ZoiUojjy,  Florence,  Italy. 

Dr.  Alberto  rerugin.  Museo  rivico  di  Storia  NatnralcN  Genoa,  Italy. 

Societa  Italiana  de  Scienze  Natural!,  Milan.  Italy. 

Societa  Africana  (V  Italia.  Naples,  Italy. 

Dell  *Academia  Pontiflco  de  Nnovi  Lincei,  Rome.  Italy. 

Minister  of  Agriculture,  Industry  and  Commerce,  Rome,  Italy. 

Rassegna  della  Scienze  Cteologiche  in  Italia,  Rome.  Italy. 

R.  Ck)mitato  Geologico  d'  Italia,  Rome,  Italy. 

Prof.  CJount  Tomasso  Salvadori,  Zoolog.  Museum,  Turin,  Italy. 


Royal  Norwegian  Society  of  Sciences,  Throndhjem,  Norway. 
Dr.  Robert  CoUett,  Kongl.  Frederiks  Univ.,  Christiana,  Norway. 

Academia  Real  des  Sciencias  de  Lisboa  (Lisbon),  Portugal. 

Comity  Geologique  de  Russie,  St.  Petersburg,  Russia. 
Imperial  Academy  of  Sciences,  St.  Petersburg,  Russia. 
Imperial  Society  of  Naturalists,  Moscow,  Russia. 

The  Botanical  Society  of  Ekiinburg,  Edinburg,  Scotland. 

John  J.  Dalgleish,  Brankston  Grange,  Bogside  Sta.,  Sterling,  Scotland. 

Edinburgh  Geological  Society,  Edinburgh,  Scotland. 

Geological  Society  of  Glasgow,  Scotland. 

John  A.  Harvle-Brown,  Duniplace  House,  I^arbert,  Stirlingshire,  Scotland, 

Natural  History  Society,  Glasgow,  Scotland. 

Philosophical  Society  of  Glasgow,  Glasgow,  Scotland. 

Royal  Society  of  ESdinburgh,  Edinburgh,  Scotland. 

Royal  Physical  Society,  Edinburgh,  Scotland. 


Barcelona  Academia  de  Ciencias  y  Artes,  Barcelona,  Spain. 
Royal  Academy  of  Sciences,  Madrid,  Spain. 

Institut  Royal  Geologique  de  SuMe,  Stockholm.  Sweden. 
Society  Entomologique  k  Stockholm,  Stockholm,  Sweden. 
Royal  Swedish  Academy  of  Science,  Stockholm,  Sweden. 
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Naturforschende  Gesellschaft,  Basel,  Switzerland. 
Naturforschende  Gesellschaft  In  Berne,  Berne,  Switzerland. 
La  Society  Botanique  Suisse.  Geneva,  Switzerland. 
Society  Helvetique  de  Sciences  Naturelles,  Geneva,  Switzerland. 
Society  de  Physique  et  d'  Flistorie  Naturelle  de  Geneva.  Geneva,  Switzer- 
land. 
Concilium  Bibliographicum,  Ziirich-Oberstrasse,  Switzerland. 
Naturforschende  Gesellschaft,  Zilrlch.  Switzerland. 
Schweizerische  Botanische  Gesellschaft.  Zllrich,  Switzerland. 
Prof.  Herl)ert  H.  Field,  Zttrich.  Switzerland. 


AUSTRALIA. 
Linnean  Society  of  New  South  Wales,  Sidney,  New  South  Wales. 
Royal  Society  of  New  South  AVales,  Sidney,  New  South  Wales. 
Prof.  Llveridge,  F.  R.  S.,  Sidney.  New  South  Wales. 
Hon.  Minister  of  Mines,  Sidney,  New  South  Wales. 
Mr.  E.  P.  Ramsey,  Sidney,  New  South  Wales. 
Royal  Society  of  Queensland.  Brisbane,  Queensland. 
Royal  Society  of  South  Australia,  Adelaide,  South  Australia. 
Victoria  Pub".  Library,  Museum  and  Nat.  Gallery,  Melbourne,  Victoria, 
Prof.  W.  L.  Buller,  Wellington,  New  Zealand. 


NORTH  AMERICA. 
Natural  Hist.  Society  of  British  Columbia,  Victoria,  British  Columbia,. 
Canadian  Record  of  Science,  Montreal,  Canada, 
McGill  University,  Montreal,  Canada, 
Natural  Society,  Montreal,  Canada. 
Natural  History  Society,  St  Johns,  New  Brunswick. 
Nova  Scotia  Institute  of  Science,  Halifax,  N.  S. 
Manitoba  Historical  and  Scientific  Society,  Winnepeg,  Manitoba, 
Dr.  T.  Mcllwraith,  Cairnbrae,  Hamilton,  Ontaria 
The  Royal  Society  of  Canada,  Ottawa,  Ontario. 
Natural  History  Society,  Toronto,  Ontario. 
Hamilton  Association  Library,  Hamilton,  Ontario. 
Canadian  Entomologist,  Ottawa,  Ontario. 
Department  of  Marine  and  Fisheries,  Ottawa,  Ontario. 
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Ontario  Agricultural  College,  Ouelpli,  Ontario. 

Canadian  Institute,  Toronto. 

Ottawa  Field  Naturalists*  Club,  Ottawa,  Ontario. 

University  of  Toronto,  Toronto. 

Geological  Survey  of  Canada,  Ottawa,  Ontario. 

La  Naturaliste  Canadian,  Chicontlni,  Quebec. 


La  Naturale  Za,  City  of  Mexico. 
Mexican  Society  of  Natural  History,  City  of  Mexico. 
Museo  Naclonal,  City  of  Mexico. 
Sociedad  Cientifica  Antonio  Alzate,  City  of  Mexico. 

Sociedad  Mexicana  de  Geographia  y  Kstadistica  de  la  Republica  Mexicaun. 
City  of  Mexico. 

WEST  INDIES. 
Victoria  Institute,  Trinidad,  British  West  Indies. 
Museo  Naclonal,  San  Jose,  Costa  Rica.  Central  America. 
Dr.  Anastasia  Alfaro,  Secy.  National  Museum,  San  Jose,  Costa  Rica. 
Rafael  Arango,  Havana,  Cuba. 
Jamaica  Institute,  Kingston,  Jamaica,  West  Indies. 

SOUTU  AMERICA. 
Argentina  Historia  Natural  Florentine  Amegline,  Buenos  Ayres,  Argen- 
tine Republic. 
Mus^e  de  la  Plata,  Argentine  Republic. 

Nacional  Academia  des  Ciencias,  Cordoba,  Argentine  Republic. 
Sociedad  Cientifica  Argentina,  Buenos  Ayres. 


Museo  Nacional,  Rio  de  Janeiro,  Brazil. 
Sociedad  de  Geographia,  Rio  de  Janeiro,  Brazil. 

Dr.  Herman  von  Jhering,  Dir.  Zool.  Sec.  Con.  Geog.  e  Geol.  de  Sao  Paulo, 
Rio  Grande  do  Sul,  Brazil. 


Deutscher  Wissenschaftlicher  Verein  in  Santiago,  Santiago,  Chill, 

Society  Scientifique  du  Chili,  Santiago.  Chili. 

3ociedad  Guiitemalteca  de  Ciencias,  Guatemala,  Guatemala. 
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.     .     .     PROGRAM     .     .     . 

OF  THE 

KOURTKENTH  ANNUAL  MKETINQ 

OF  THE 

Indiana  Academy  of  Science, 

STATE   HOUSE.  INDIANAPOLIS. 

December  28,  29   and   30.   1S98. 


OFFICERS  AND  EX-OFFICIO  EXECUTIVE  COMMITTEE, 

C.A.WALDO,Pre!>ldeDt,       0.  H.  Eigknmann,  Vice-ProBident,       John  S.  Wbigbt,  Secretary. 
A.  J.  BioNKT,  As8t.  Secretary,  G.  W.  Brnton,  Press  Secretary. 

J.  T.  ScoTRLL,  Treasurer. 

Thomas  Gray.  W.  A.  Notes,  O.P.  Hay,  J.  P.  D.  John, 

Staklet  CouLTBR,      J. C.  ARTHUR,  T.  C  Mendrnball,      John  M.  Goultbr, 

Amos  W. Butler,        J.L.Campbell,  John  C.  Bran vbr,       Da yid  Starr  Jordan. 


The  sessions  of  the  Academy  will  he  hold  in  the  State  House,  in  the  rooms  of  the  State 
Board  of  Agriculture. 

Headquarters  will  be  at  the  Bates  House.  A  rate  of  92.00  and  up  per  day  will  be  made 
to  all  persons  who  make  it  known  at  the  time  of  registering  that  they  are  members  of  the 
Academy. 

Reduced  railroad  rates  for  the  members  can  not  be  obtained  under  the  present  rulings  ot 
the  Traffic  Association.  Many  of  the  colleges  can  secure  special  rates  on  the  various  roads. 
Those  who  can  not  do  this,  could  join  the  State  Teachers'  Association  and  thus  secure  the 
one  and  one-third  round  trip  fare  accorded  to  them. 

D.W.  Dennis, 

A.  J.BlONET, 

Committee, 


GENERAL  PROGRAM. 

Wednesday,  December  28. 

Meeting  of  Executive  Committee  at  the  Hotel  Headquarters 8p.m. 

Thubbday,  December  29. 

General  Session 9  a.  m.  to  12  m . 

Sectional  Meetings 2  p.  m.  to 5  p.m. 

Address  by  President  0.  A.Waldo 7p.m. 

Friday,  December  80. 

General  Session,  followed  by  Soctional  Meetings 9a.  m.  to  12  m. 

General  Session 2  p.  m .  to  4  p.  m . 
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LIST  OF  PAPERS  TO  BE  READ. 


ADDBE8S  BT  THE  RETIBINO  PRESIDENT, 

PROFESSOR  C.  A.  WALDO, 

At  7  o'clock  Tharsday  evening. 

Subject :    "  The  Services  of  Mathematicei." 


The  address  has  been  placed  at  this  early  hour  in  order  that  other  enfagements  for  the 
asual  hours  of  evening  entertainment  may  not  keep  the  members  of  the  Academy  and  their 
friends  from  being  present. 


The  following  papers  will  be  read  in  the  order  in  which  they  appear  on  the  program 
except  that  certain  papers  will  be  presented  "part  pa»$n  **  in  sectional  meetings.  When  a 
paper  is  called  and  the  reader  is  not  present,  it  will  be  dropped  to  the  end  of  the  list,  unless 
by  mutual  agreement  an  exchange  can  be  made  with  another  whose  time  is  approximately 
the  same.  Where  no  time  was  sent  with  the  papers,  they  have  been  uniformly  assigned  ten 
minutes.    Opportunity  will  be  given  after  the  reading  of  each  paper  for  a  brief  discussion. 

if.  B,—By  the  order  of  the  Academy ^  no  paper  can  be  read  until  an  abttract  0/  itt  eontentfi 
or  the  written  paper  hoe  been  placed  in  the  hande  of  the  Secretary. 


GENERAL  SUBJECTS. 

1.  Woollen's  Garden  of  Birds  and  Botany,  10  ra W.  W.  Woollen. 

2.  Plans  for  the  New  Buildings  of  the  Biological  Station,  10  m. 

C.  H.  Eigenmann  and  A.  C.  Yoder. 

3.  Explorations  in  the  Caves  of  Missouri  and  Kentucky,  15  m. 

C.   H.  Eigenmann. 

4.  Notes  on  Indigestible  Structures  In  Articles  of    a  Vegetable 

Diet,  5  m John  S.  Wright. 

5.  The  Action  of  Mercury  and  Amalgams  on  Aluminum,  10  m. 

G.  W.  Benton. 

6.  Field  Experiments  with  Formalin,  8  m M.  B.  Thomas. 

7.  Resistance  of  Cereal  Smuts  to  Formalin  and  Hot  Water,  15  m. 

Wm.  Stuart 
♦8.    The  Cell  Lineage  of  Podarke.  with  considerations  on  (Cleavage 

in  general,  10  m A.  I^.  Treadwell. 

9.    Lake  Maxinkuckee,  10  m J.  T.  Scovell. 
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10.  Au  Blevated  Beach  and  Receot  Costal  Plain,  near  Portland, 

Maine,  10  m Wm.  A.  McBetli. 

11.  Wasted  Energy,  10  m J.  L.  Campbell. 

12.  A  Vesuvian  Cycle,  10  m C.  A.  Waldo. 

13.  X  Ray  Transparency,  10  m Arthur  L.  Foley. 

14.  The  Trouble  with  Indiana  Roads,  illustrated  with  lantern  slides, 

20  m D.  B.  Luten 


MATHEMATICAL  AND  PHYSICAL  SUBJECTS. 

15.  Some  Tests  on  Ball  Bearings,  15  m M.  J.  Golden. 

16.  Further  Studies  in  the  Propagation  of  Sound,  20  m . .  A.  Wilmer  Duff. 

17.  The  Intensity  of  Telephonic  Sounds,  5  m A.  Wilmer  Duff. 

18.  The  Distance  to  which  Small  Disturbances  Agitate  a  Liquid, 

15  m A.  Wilmer  Duff. 

♦19.    A  Case  of  Diamond  Fluorescence,  5  m A.  L.  Foley. 

20.  The  Evaporation  of  Water  Covered  with  a  Film  of  Oil,  10  m. 

A.  Wilmer  Duff. 

21.  A  Note  on  Temperature  Co-efflclent  of  Electrical  Conductivity 

of  Electrolytes,  10  m Arthur  Kendrick. 

♦22.    X  Rays  in  Surgery,  10  m A.  L.  Foley. 

23.  A  Common  Text-book  Error  in  the  Theory  of  Envelopes,  10  m. 

Arthur  S.  Hathaway. 

24.  A  New  Triangle  and  some  of  its  Properties,  10  m R,  J.  Aley. 

25.  Note  on  Angel's  Method  of  Inscribing  Regular  Polygons,  8  m., 

R.  J.  Aley. 

26.  Concurrent  Sets  of  Three  Lines  Connected  with  the  Triangle, 

20  m R.  J.  Aley. 

27.  Note  on  "Note  on  Smith's  Definition  of  Multiplication,"  1  m., 

A.  L.  Baker. 

28.  The  Geometry  of  Simson's  Line,  25  m. C.  B.  Smith. 

29.  A  Bibliography  of  Foundations  of  Geometry,  5  m M.  C.  Bradley. 

30.  Point  Invariants  for  the  Lie  Groups  of  the  Plane,  10  m. 

D.  A.  Rothrock. 

31.  Differential  Invariants  Derived  from  Point  Invariants,  10  m., 

D.  A.  Rothrock. 

32.  Mathematical  Definitions,  10  m Moses  C.  Stevens. 
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33.  Performance  of  the  Twenty-Milliou-Gallon  Snow  Pumping  En* 

gine  of  the  Indianapolis  Water  Company,  5  m AV.  F.  M.  Gosa. 

34.  Tests  to  Determine  tlie  Efficiency  of  Locomotive  Boiler  Cover- 

ings, 5  m W.  F.  M.  Goss. 

35.  The  Leonids  of  1898,  5  m John  A.  Miller. 

36.  A  Linear  Relation  between  Certain  of  Klein's  X  Functions  and 

Sigma  Functions  of  Lower  Stufe,  10  m John  A.  Miller. 

37.  A  Formula  for  the  Deflection  of  Car  Bolsters,  10  m W.  K.  Hatt 


CHEMICAL  SUBJECTS. 

38.  Camphoric  Acid:   Reduction  of  the  Neigiiboriuj?   Xylic   Acid. 

15  m \V.  A.  Noyes. 

39.  Alpha  hydroxy-dihydro-ciscampholitic  Acid,  10  m. 

W.  A.  Noyes  and  J.  W.  Shepherd. 

40.  Iodine  Absorption  of  Linseed  Oil,  5  m. .  .P.  N.  Evans  and  J.  O.  Meyer. 


BOTANICAL  SUBJECTS. 

41.  Some  Desmids  of  Crawfordsville,  10  m M.  B.  Thomas. 

42.  Karyokinesis  in  the  Embryo-sac,  witli  special  reference  to  the 

behavior  of  the  Cliromatin,  10  ra D.  M.  Mottier. 

43.  Nuclear  Division  in  Vegetative  Cells,  10  m D.  M.  Mottier. 

44.  The  Centrosome  in  Dictyola,  5  m .* D.  M.  Mottier. 

45.  The  Centrosome  in  Cells  of  the  Gametophyte  of  Marchautia, 

5  m D.  M.  Mottier. 

46.  Endosperm  Haustoria  in  Lillium  Candidum,  5  m D.  M.  Mottier. 

47.  The  Effect  of  Centrifugal  Force  upon  the  Cell,  10  m.  .D.  M.  Mottier. 

48.  Absorption  of  Water  by  Decorticated  Stems,  15  m. .  .Giles  E.  Ripley. 

49.  Indiana  Plant  Rusts,  Listed  in  Accordance  with  Latest  Nomen- 

clature, 10  m J.  C.  Arthur. 

50.  The  Uredlneae  of  Madison  and  Noble  Counties,  with  additional 

Specimens  from  Tippecanoe  County,  10  m Lillian  Snyder. 

51.  Aspergyllus  oryzse  (Ahlburg)  Cohn,  20  m Kathedne  E.  Golden. 

52.  A  Red  Mould,  10  m Ralph  Gibson  Curtis. 

53.  The  Affinities  of  the  Mycetozoa,  8  m Edgar  W.  Olive. 
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51.    The  Morphological  Character  of  the  Scales  of  Cuscuta,  10  m. 

Alida  M.  (.Uiiiiiiughain. 
55.    (ieographicjil  Distrilmtion  of  the  Species  of  Cuscuta  in  North 

America,  1(»  ui Alida  M.  Cuuuiuglmin. 

5^5.    Notes  on  tlie  Germination  of  Seedlings  of  Certain  Native  Plants, 

10  m Stanley  Coulter. 

♦57.    Uo-forestration  Possibilities  in  Indiana,  10  m Stanley  Coulter. 


ZOOLOGICAL  SUBJECTS. 

58.  Formalin  as  a  Keagent  in  Hlood  Studies,  5  m Ernest  I.  Kizer. 

59.  Species  of  I)ii)tera,  reared  in  Indiana  during  tlie  years  1884-1890, 

10  ni .P.  M.  Webster. 

m.    Distribution  of  Broods  XXII,  V  and  VII,  of  Cicada  Septen- 

decim,  in  Indiana,  10  m F.  M.  Webster. 

01.  Some  Insects  belonging  to  the  <it»nus  Isosonnu  reared  or  cap- 

tured in  Indiana,  10  in F.  M.  Webster. 

02.  Lake  Coimty  Crow  Uoosts,  10  m T.  H.  Ball. 

03.  The  l>istril>ution  of  Bh)od  Sinuses  in  the  Reptilian  Head,  15  m., 

II.  L.  Bruner. 

04.  On  the  Regulation  of  the  Supply  of  Blood  to  the  Venous  Sinuses 

of  the  Head  of  Reptiles,  with  Description  of  a  New  Sphincter 
Muscle  on  tlie  Jugular  Vein,  15  m H.  L.  Bruner. 

05.  Note  on  the  Aberrant  Follicles  in  the  Ovary  of  Cymatogaster, 

10  m George  L.  Mitchell. 

00.    Material  for  the  Study  of  the  Variation  of  Plmephales  notatus 

(Rafinesque),  in  Turkey  Lake  and  In  Shoe  and  Tippecanoe 

Lakes,  10  m J.  H.  Vorls. 

07.    Preliminary  Note  upon  the  Arrangement  of  Rods  and  Cones  in 

the  Retina  of  Fishes,  5  m Q.  H.  Kigenmaun  and  G.  H.  Hausell. 

OS.    Degeneration  in  the  Eyes  of  the  Amblyopsidap,  its  Plan,  Process 

and  Causes,  ."^O  m C.  II.  Elgenmann. 

iWl    Tht»  Kar  an<l  Hearing  of  the  Amblyopsida*,  10  m. 

C.  H.  Eigenmaun  and  A.  C.  Yoder. 

70.  A  Case  of  Ct>nvergence,  15  m C.  II.  Eigeumann. 

71.  Cliologaster  agassizii  and  its  Eyes,  5  m C.  II.  Eigenmanu. 
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72.  The  Bye  of  Typhlomolge,   from   the  Artesian   Wells  of   San 

Marcos,  Texas,  10  m C.  H.  Eigenmann. 

73.  The  Byes  of  Typhlotriton  Spelaeus,  10  m. 

C.  H.  Eigeninann  and  W.  A.  Denny. 

74.  The  Blind  Rat  of  Mammoth  Cave,  10  m. 

C.  H.  Eigenmann  and  James  R.  Slonaker. 

•75.    Remarks  on  Birds  New  to  the  State  Fauna,  10  m A.  W.  Butler. 

76.    A  Nematoid  Worm  in  an  Egjj,  5  m Dan  J.  Troyer. 


GEOLOniCAL  SUBJECTS. 

77.  The  Geologic  Relation  of  some  St.  Louis  Group  Caves  and  Sink- 

holes, 10  m Moses  N.  Elrod. 

78.  Jug  Rock,  5  m Chas.  R.  Dryer. 

t79.    The  St.  Joseph  and  the  Kankakee  at  South  Bend,  10  m. 

Chas.  R.   Dryer. 

80.  The  Meanders  of  the  Muskatatuck*  at  Vernon,  Indiana,  5  m., 

Chas.  R.  Dryer. 

81.  Old  Vernon:  A  Geographical  Blunder,  5  m Chas.  R.  Dryer. 

82.  Terraces  of  the  Lower  Wabash,  10  m J.  T.  Scovell. 

83.  The  Kankakee  Valley,  10  m H.  T.  Montgomery. 

84.  Notes  on  the  Eastern  Escarpment  of  the  Knobsrtone  Formation 

in  Indiana,  10  m L.  F.  Bennett 

•85.    A  Preglacial  Channel  on  the  Falls  of  Ohio,  3  m C.  E.  Siebenthal. 

•86.    Notes  on  the  Pleistocene  Geology  of  Monroe,  Owen  and  Greene 

Counties,  10  m C.  E.  Siebenthal. 

87.  An  Old  Shore  Line,  5  ni D.  W.  Dennis. 

88.  Two  Cases  of  Variation  of  Species  with  Horizon.  5  m.  .D.  W.  Dennis. 

89.  Notes  on  the  distribution  of  the  Knobstone  Group  in  Indiana, 

10  m J.  F.  Nowsom  and  J.  A.  Price. 

tSome  Indiana  Mildews M.  A.  Brannon. 


^  Aathor  absent.    Paper  not  presented. 

t  Presented  as  a  part  of  No.  83. 

X  Paper  read  at  the  December  meeting,  1889.    Not  hitherto  published ;  included  In  this 
report  as  a  valuable  contribution  to  the  State  Biological  Suryej. 
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FOURTEENTH  ANNUAL  MEETING  OF  THE 
INDIANA  ACADEMY  OF  SCIEXCE. 


The  foiirteeuth  annual  meeting  of  the  Indiana  Academy  of  Science 
was  held  in  Indianapolis,  Thursday  and  Friday,  December  20  and  30, 
1898,  preceded  by  a  session  of  the  Executive  Committee  of  the  Academy, 
0  p.  m.,  Wednesday,  December  28. 

At  9  a.  ni..  Dectnnber  29,  President  C.  A.  Waldo  called  the  Academy  to 
order  in  general  session,  at  which  committees  were  appointed  and  other 
routine  «n<l  miscellaneous  business  transacted.  After  the  'disposition  of 
these  affairs,  the  rea<ling  and  discussion  of  papers  of  the  printed  program, 
under  the  title  "(Jenc'ral  Subjects^'*  occupied  the  time  until  adjournment, 
at  12  m. 

The  Aca<hMny  mvi  at  2  j).  ni.  in  two  sect  ions- -liiological  and  physico- 
chemical— for  tht»  reading  and  discussion  of  papers.  President  Waldo 
presidefl  over  the  phj'sico-cliemical,  while  J.  <!.  Arthur  acted  as  chairman 
for  the  l)iological  section.  At  5  p.  m.  the  section  meetings  adjourned,  to 
meet  in  general  session  of  the  Academy  at  7  p.  m. 

The  Executive  Committee  met  at  5:30  j).  m.,  holding  a  brief  session. 

Academy  met  at  7  p.  ni.  Following  the  dis])osition  of  committee  re- 
ports and  other  business,  the  retiring  president.  Dr.  C.  A.  Wahlo.  ad- 
dresscil  the  Academy,  first  briefly  reviewing  the  progress  of  scientific 
work  in  the  State,  following  with  the  formal  a<ldre.ss:  subject.  "The 
Services  of  Mathematics." 

Friday.  DectMuber  30.  9  a.  ni.,  the  Academy  met  in  general  session, 
with  I'resident  Waldo  in  the  chair.  Following  the  transat-tion  of  busi- 
ness.  unreatl  i>ai>ers  were  heard  and  discussed  until  adjournment,  which 
occurred  at  12:1.'  p.  m. 


3— SCIKNCK. 
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THE  FIELD  MEETING  OF  1898. 


Tlie  Field  Mt-eting  of  1808  was  held  at  Bloomington.  Thursday.  Friday 
and  Saturday,  April  28.  20  and  ,10. 

At  8  p.  ni.  the  exoculive  committee  met  for  the  transaction  of  busi- 
ness, after  which  all  visiting  members  were  tendered  an  Informal  recep- 
tion by  the  local  members. 

Friday,  the  20tli,  was  spent  in  the  field.  Leaving  Bloomington  early 
in  the  morning,  the  party  Avent  by  rail  to  Mitchell;  from  this  point  it  was 
convej'ed  by  carriage  several  miles  east  into  a  district  characterized  by 
caves,  subterranean  streams  and  other  natural  features  of  much  interest. 

In  the  evening,  following  the  return  to  Bloomington,  the  Academy  was 
given  a  reception  by  the  faculty  of  the  Indiana  University. 

On  Saturday,  the  30th,  members  of  the  Academy  made  short  field 
excursions  in  the  neighborhood  of  Bloomington.  The  success  of  the  meet- 
ing was  largely  due  to  the  efforts  of  the  resident  members,  who  provided 
means  of  transportation  in  the  field  and  spared  no  pains  to  make  the  visit 
to  Bloomington  enjoyable. 
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PRESIDENT'S  ADDRESS. 
By  C.  a.  Waldo. 


INTRODUCTION. 

Of  the  soAon  A'ohimes  of  Proceedinjrs  i)ublislied  by  the  Academy  or 
\mder  its  direction,  it  has  been  my  fortune  to  be  more  or  less  intimately 
connected  with  the  editorial  work  upon  six  of  them.  The  general  work 
of  the  Academy  has.  therefore,  come  under  my  notice  in  a  peculiar  way. 
This  fact  has  led  me  to  attv^mpt  a  slijjht  departure  from  the  excellent 
models  set  by  my  able  predecessors,  and  to  premise  the  usual  discussion 
cxi>ected  at  this  time  by  a  brief  ri^um^  of  the  scientific  work  recently 
done  in  the  State,  especially  during  the  year  1898. 

We  may  congratulate  Indiajia  upon  the  amount  the  character  and  the 
importance  of  the  scientific  activity  within  her  borders.  In  attempting 
to  select  a  few  things  for  mention  we  must  beforehand  praj-  in<lulgen^e. 
Pardon  is  askefl  for  sins  of  omission  an<l  commission— these  will  be  be- 
cause of  ignorance  or  imperfe(;t  vision,  and  for  no  other  reason. 

In  the  following  mention,  the  order  of  our  program  for  this  year  is  fol- 
lowed. 

The  mathematicians  of  the  State  are  showing  a  commendable  zeal 
in  the  prosecution  of  pure  and  applied  mathematics  in  the  higher  ranges 
of  the  subject,  and  are  building  up  several  centers  in  which  the  work 
done  is  incomparably  beyond  that  of  a  generation  ago. 

Our  physicists  have  been  busy  investigating  electrical,  optical  and 
acoustic  phenomena  and  extending  our  knowle<lge  of  these  subjects.  The 
year  has  seen  completed  within  the  State  a  great  car-testing  plant  the 
invention  of  an  integrating  dynamometer,  the  completion  of  investigations 
on  train  resistance  on  straight  and  curved  tracks,  and  large  contributions 
to  engineering  literature.  Two  of  our  engineering  instructors  have  been 
honored  Avith  important  assignments  on  committees  of  international  im- 
portance. 

Our  chemists  have  been  establishing  the  value  of  our  coal  deposits, 
have  enlarged  our  knowledge  of  toxicology,  have  made  special  examina- 
tion of  alkaloids  and  have  contributed  towards  the  investigation  of  food 
supplies,  the  exhaustion  and  restoration  of  soils. 


The  y(»ar  has  witnessed,  with  the  co-operation  of  the  Academy,  the 
completion  of  a  treatise  on  the  Phanerogamic  Flora  of  the  State,  giving 
the  range  of  nearly  1,50<)  species,  together  with  specific  studies  of  forests, 
weeds,  and  unutilized  vegetable  resources;  this  now  is  awaiting  publica- 
tion. 

The  year  lias  also  seen  the  culmination  of  extensive  investigations 
upon  beet  stigar  as  a  possible  Indiana  product  and  the  determination  of 
large  areas— practically  the  whole  of  the  northern  part  of  the  State- 
where  under  existing  conditions  the  sugar  beet  can  be  cultivated  with 
l)n)lit.  IMant  disease,  like  the  San  Jos^  scale  on  fruit  trees  or  smut  on 
cereals,  have  received  much  attention,  and  valuable  results  have  been  ob- 
tained. Valuable  conclusions  have  been  reached  in  the  use  of  specific 
fertilizers  for  specific  plants,  and  upon  the  relative  merits  of  surface  and 
sub-irrigation. 

Yeast  investigations  have  been  continued  and  further  conclusions 
reaclietl  of  prime  importance  to  every  household. 

Additions  have  been  made  to  our  knowledge  of  cell  life  and  cell  modi- 
fication in  plants,  as  affecting  various  theories  of  hereility,  and  much 
systematic  work  has  been  prosecuted  in  various  parts  of  the  State  tending 
to  perfect  our  knowledge  of  the  State  flora.  Our  denuded  lands  and  their 
possible  reforestration  have  received  scientific  attention. 

In  z()<>logy  the  greatest  event  of  the  year  has  been  the  issuance  from 
the  State  Geologist's  office  of  a  monograph  upon  the  birds  of  Indiana. 
This  work  is  thoroughly  up  to  date  and  is  not  a  mere  catalogue.  It  gives 
attention  to  the  economic  side  of  bird  life,  and  enables  the  farmer  to 
recognize  his  friends  and  enemies.  No  recent  extensive  scientific  publica- 
tion in  tlie  State  has  created  such  a  widespread  interest.  An  edition  of 
8.00<!)  has  be(»n  already  exhausted  and  the  demand  is  for  more. 

An  event  of  almost  equal  imi)ortance  is  the  removal  of  the  Summer 
Biological  T^aboratory  from  Turkey  to  Eagle  Lake.  At  the  former  loca- 
tion  many  Indiana  teachers  and  scientific  workers  have  been  trained  in 
laboratory  methods:  many  more  will  find  their  way  to  the  new  location 
and  through  its  influence  will  enter  the  ranks  of  trained  specialists.  In 
addition  to  tliis,  much  light  is  being  thrown  upon  the  i)roblem  of  variation 
as  bearing  on  the  origin  of  species.  During  the  year  there  must  be  cred- 
ited to  Indiana  some  first-class  work  on  cave  faiuia  which  is  receiving 
national  attention,  and  which  must  have  a  large  bearing  upon  the  prob- 
lem of  the  influence  of  environment. 
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Animal  diseases  have  been  investigated  Avitli  varj'ing  degrees  of  suc- 
o»'ss.  an<l  studies  made  of  food  for  various  forms  of  live  stock. 

In  the  jjeological  Avork  of  the  year  in  Indiana,  the  Influence  of  the 
new  scientific  spirit  abroad  in  our  midst  is  especially  manifest.  Besides 
the  report  on  birds  already  referred  to,  we  find  in  the  volume  for  1897, 
recently  distributed,  a  timely  revision  of  Indiana  paleontology,  and  fur- 
ther  prosecution  of  county  geological  surveys.  On  the  economic  side,  the 
clay  industries  have  been  well  and  exhaustively  set  forth,  while  the  con- 
flicting interests  of  oil  and  gas  production  have  received  able  attention. 
It  will  be  found  eventually  that  the  fearless  conservation  of  our  gas  de- 
posits will  have  paid  a  thousandfold  the  expense  to  the  State  of  our 
gtH)logi<al  department.  It  is  refreshing,  too.  and  characteristic  of  the 
tru«»  scientific  spirit.  t(>  note  how  the  truth  and  the  whole  truth  is  told 
of  our  disappearing  gas  supply.  No  permanent  prosperity  founded  on 
deceit  and  misrepresentation  can  come  to  our  commonwealth.  Rigorous, 
unadulterated  scientific  truth  is,  however,  a  sure  basis  for  wealth,  honor, 
morality  and  happiness. 

Naturally  fioAving  out  of  gas  l)elt  indications  comes  the  work  of  this 
year— a  prospectus  of  which  is  given  in  the  volume  of  1897. 

A  thorough  investigation  and  report  upon  tlie  vast  coal  deposits  of  the 
State  is  at  this  time  especially  opportune.  As  this  investigation  has  al- 
ready sliown  deposits  ecjual  to  all  demands  upon  it  for  two  hundred  years 
to  come,  the  result  of  the  work  can  only  be  to  establish  us  in  a  confident 
relian<'e  upon  the  industrial  future  of  Indiana. 

Tills  review  would  not  be  at  all  complete  Avithout  some  notices  of  a 
general  character.  In  sociological  matters  the  State  is  making  splendid 
progress.  Along  this  line  there  is  onlj'  time  to  mention  the  new  patho- 
logical laboratory  at  the  Hospital  for  the  Insane,  the  establishment  of  the 
Indiana  Reformatory  at  Jeffersonvllle.  leading  to  the  rational  treatment  of 
criminals,  the  introduction  of  the  Bertlllon  measurements  in  four  of  our 
cities,  and  the  increastnl  activity  in  our  Board  of  Sta-te  Charities,  Sani- 
tation in  our  centers  of  population,  in  our  public  schools  and  homes  and 
public  buildings,  is  receiving  great  attention.  The  agitation  for  pure  food 
will  probably  soon  lead  to  advanced  legislation  on  this  important  sub- 
ject. 

Educationally,  nothing  perhaps  has  ()ccurre<l  comparable  to  the  wide- 
spread influence  resulting  from  the  general  dissemination  throughout  the 
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State  of  tweuty-five  nature  study  leaflets  conspicuously  adapted  to  the 
wants  of  our  great  rural  population. 

In  our  educational  centers  we  note  with  pleasure  the  extension  of 
laboratories,  the  growth  of  cabinets  and  library  facilities.  Attention  is 
also  called  to  the  gratifying  fact  that  recently  the  oflice  of  State  Ento- 
mologist has  been  created  and  worthily  filled. 

An  event  of  unusual  significance  to  those  who  have  occasion  from 
time  to  time  to  consult  the  scientific  publications  in  the  State  Library  is 
the  fact  that  during  the  year  '98  the  large  and  growing  science  accumula- 
tions of  the  Academy  of  Science  and  of  the  Brook ville  Natural  Science 
Club  have  been  made  available  to  the  general  public  by  being  placed 
upon  the  shelves  of  the  State  Library. 

Two  thoughts  are  suggested  here  as  a  conclusion: 

1.  Such  valuable  results  as  we  are  now  securing  in  works  like  the 
birds  and  the  phanerogams  of  the  State,  its  clays  and  coals,  have  been 
reached  only  by  the  organization  of  our  scientists,  and  through  tlieir  in- 
crease and  their  development  of  ideas  and  enthusiasm,  resulting  certainly 
in  a  marked  degree  from  the  thirteen  years'  influence  of  the  Academy  of 
Science. 

2.  The  otlicial  relation  which  we  sustain  to  the  State  has  brought  the 
feet  of  our  scientists  to  the  ground  and  the  economic  aspects  of  their 
studies  are  being  emphasized  as  never  before. 

At  best  this  is  but  an  imperfect  and  rapidly  dissolving  view  of  the 
teeming  and  multiplying  scientific  progress  within  Indiana's  borders.  A 
wise  choice  of  topics  woyld  perhaps  have  given  the  whole  time  of  this 
address  to  a  review  of  progress  in  Indiana  since  1885.  but  I  must  leave 
that  inspiring  theme  to  some  future  historian. 

To-night,  fellow-workers,  1  greet  you  and  congratulate  you  upon  work 
worthily  done.  Fame  may  not  always  follow  endeavor,  but,  Avhether 
public  recognition  of  work  attempted  and  results  accomplished  ever  comes 
or  not,  the  true  scientist  knows  that  his  highest  compensation  is  in  the 
opportunity  for  service,  and  he  is  at  peace  with  his  environment. 

Services  of  Matiikmatio-. 

Of  the  twelve  gentlemen  who  have  preceded  me  in  addressing  the 
Indiana  Academy  of  Science  on  occasions  similar  to  the  present,  three 
might  have  interested  you  with  a  mathematical  topic,  but  they  did  not. 
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Ono.  famous  for  his  vigorous  championship  of  Christian  thought  chose 
a  sul>jcct  in  which  he  used  mathematical  methods  in  theological  reason- 
ing. The  other  two,  though  splendidly  equipped  in  mathematics,  pre- 
ferred to  present  phases  of  physics.  Our  program  shows  six  subdivisions 
of  science,  among  which  mathematics  has  always  held  a  secure  place, 
but  up  to  the  present  time  no  one  has  had  the  inclination  or  the  courage 
to  attempt  to  discuss  in  a  popular  manner  the  oldest  science  and  the  one 
second  to  none  in  its  services  to  mankind  and  in  the  zeal  with  which  it  is 
to-day  cultivated  and  enlarged.  It  is,  I  confess,  with  misgivings  that  I 
break  this  thirteen  years*  silence,  for  the  range  of  the  subject  has  now-  be- 
<?ome  so  vast  that  no  one  person  can  longer  hope  for  an  intimate  acquaint- 
ance with  all  of  it,  and  any  writer  must  rely  more  or  less  on  testimony 
for  many  results  and  their  bearings  upon  progress.  And  yet  when  we 
<onsi(h4*  tlie  extent  to  which  the  science  of  mathematics  is  cultivated 
among  educated  people,  the  large  part  that  it  plays  in  all  our  lives,  are 
we  not  justified  in  an  occasional  attempt  to  call  attention  to  prominent 
facts  concerning  it  as  they  appear  to  some  of  us  who  have  spent  fifteen 
years  or  more  in  trying  to  disseminate  its  truths? 

In  the  British  Association  there  have  been  at  least  three  notable  pre- 
sentations of  the  claims  of  mathematics  by  three  of  its  most  famous 
exponents.  One  of  these  is  little  less  than  an  inspired  plea  for  his  loved 
discipline,  by  one  of  its  prophets;  a  second  shows  how  higher  ranges  of  the 
sul)ject  have  been  suggested  by  other  sciences;  a  third  is  a  classic  argu- 
ment for  the  unrestricted  development  of  mathematics  along  systematic 
lines  both  for  its  own  sake  and  for  its  possible  future  utility  in  fields  now 
undreamed  of.  In  the  American  Association  there  has  been  a  tendency 
to  make  mathematical  lectures  more  technical  and  therefore  less  interest- 
ing to  the  ireneral  public  than  in  the  British.  One  essayist  made  a  not- 
:il>l(?  atieiupi  to  explain  mo<lern  algebra  to  the  uninltiateil.  a  second  8ix)ke 
upon  tlie  evolution  of  algebra,  while  a  third  gave  a  historical  disquisition 
upon  the  origin  of  our  methods  with  imaginaries.  A  fourth  was  an  ex- 
ception to  iliese  in  tliat  he  argued  for  reform  in  the  choice  of  subjects  in 
college  curricula  and  in  the  manner  of  presenting  them. 

Tlie  essential  difficulty  in  discussing  a  mathematical  topic  is  the  fact 
tliat  this  Science  possesses  the  most  highly  developed  symbolism  and  an 
almost  perfect  technical  language.  Both  these  attributes  condense  our 
rea.soning  to  a  minimum  and  make  it  unintelligible  to  the  uninitiateii.  In 
trying  to  popularize,  we  are  in  danger  of  l)ecoming  puerile.     Most  mathe- 
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matieinns  of  our  time  liave  abandoned  the  former  attempt,  and  therefore 
speak  a  language  absolutely  without  meaning  to  the  average  man.  Often 
the  use  of  symbols  and  technical  terms  is  not  even  a  matter  of  choice. 
It  is  a  necessity,  for  the  ideas  sought  to  l>e  conveyeil  can  be  expressed  in 
no  other  language.  The  mathematician,  therefore,  often  labors  on  with 
no  understanding  or  appreciation  of  his  work  or  its  results  on  the  part  of 
the  general  public.  His  subject  is  dumped  into  tlie  same  class  with  the 
dead  languages.  Latin,  Greek  and  mathematics  must  form  an  unnatural 
alliance  in  a  fight  for  recognition.  Too  frequently  the  mathematician  is 
grudgingly  given  but  a  tithe  of  what  he  claims,  and  even  then  he  is  asked 
why  he  should  cumber  the  ground  and  impede  the  Avay  to  higher  and  more 
useful  pursuits.  Before  Latin  had  a  literature,  mathenuitics  inis.  Noav, 
when  the  conviction  is  rapidly  gaining  ground  and  in  all  progressive  in- 
stitutions being  put  into  practice,  that  a  smattering  of  Greek  and  Latin 
soon  forgotten  are  not  essentials  in  education,  mathematics  have  entered 
new  fields  and  conquered  new  territory.  Their  cultivation  has  gone  for- 
ward in  the  last  generation  in  leaps  and  bounds,  their  advance  has  kept 
pace  Avith  and  in  a  large  measure  conditioned,  both  on  the  material  and 
intellectual  side,  the  tremendous  and  unexampletl  progress  of  civilization 
in  that  peri  oil. 

There  are  three  general  aspects  in  which  mathematics  can  ]>e  viewed: 

First.    As  a  disciplinary  study. 
Second.    As  a  cult. 
Third.    As  a  tool. 

These  three  general  grounds  for  consuming  time  and  effort  In  culti- 
vating this  science  are  not  mutually  exclusive.  Their  territory  fre4iuently 
overlaps  and  the  determination  of  the  stronger  incentive  often  depends 
upon  the  point  of  view  of  the  individual  or  liis  environment. 

As  a  disciplinary  study,  mathematics  are  present  in  some  form  in  all 
the  curricula  of  colleges,  high  schools  and  the  grades.  In  the  grades, 
hoAvever.  we  must  recognize  as  the  principal  reason  for  time  and  effort, 
the  thorough  mastery  of  number  and  the  development  through  drawing 
of  the  form  perception  for  the  practical  every-day  business  of  life's  activi- 
ties. At  this  point  it  has  seemed  to  me  that  a  serious  error  is  quite  com- 
monly committed.  Too  often  instructors  imbued  with  that  pliilosophy  of 
education  which  unduly  ideaUzes  every  subject  taught,  make  a  premature 
attempt  to  develop  logical  processes  at  the  expense  of  an  intimate*  knowl- 
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edge  of  number  combinations  and  of  a  practical  facility  In  their  rapid  and 
accurate  manii)ulation.  Very  properly  in  the  high  school  the  disciplinary 
idea  predominates,  but  even  here  it  is  a  question  whether  the  time  is  not 
near  at  hand  when  some  of  the  older  mathematical  subjects  taught  should 
he  in  :i  measure  set  aside  and  other  newer  (mes  substitutetl  wliicli  are 
of  equal  disciplinarj-  Aalue,  but  whose  liuowledge  content  is  greater. 

In  the  earlier  portion  of  the  college  course  the  disciplinary  idea  still 
strongly  predominates,  but  if  mathematical  study  is  continued  through  ihe 
last  two  years  and  into  graduate  work  it  becomes  a  cult  or  a  i)rofession 
or  a  necessary  adjunct  to  a  profession. 

In  its  development  we  may  roughly  divide  mathematics  into  three 
general  subjects: 

Arithmetic. 

Geometry. 

Algebra. 

Yet  again  these,  especially  in  their  higher  ranges,  continually  overlap 
each  other.  The  theory  of  numbers  seems  to  belong  to  arithmetic,  yet 
some  of  the  problems  like  that  of  prime  numbers,  Avhich  were  among 
the  earliest  propounded,  demand  now  for  their  approximate  solution,  after 
twenty-tive  centuries  of  development,  the  highest  powers  of  analysis. 
In  analytics,  geometry  and  algebra  melt  into  each  other,  while  in  the 
mo<lern  group  theory  the  three  which  in  their  earlier  manifestations  seem 
so  diverse  in  spirit  and  purpose  form  one  grand  generalization. 

As  a  discipline  these  studies  nee<l  no  apology.  Their  influence  in  the 
development  of  the  reasoning  powers  is  unquestioned.  They  exercise  the 
muscles  and  sharpen  the  teeth  of  the  logical  faculty.  They  furnish  the 
growing  mind  with  exercise  in  useful  knowledge  Avith  reference  to  which 
it  can  have  absolutely  no  prejudice  and,  while  leading  to  certain  truth, 
generate  confidence  in  intellectunl  powers.  They  develop  the  Inventive 
faculty  by  sharpening  the  powers  of  comparison,  by  diversifying  and  en- 
riching the  powers  of  attack,  by  developing  the  power  of  long  continued 
attention  and  concentration. 

As  a  cult,  pursued  for  its  own  sake,  it  furnishes  one  of  the  highest 
occupations  of  the  intellect.  The  mind  revels  in  the  realm  of  pure  thought, 
ami  each  triumph  must  bring  the  thinker  closer  to  that  all-pervading 
intelligence  Avhose  very  existence  and  activity  entirely  removed  from 
chance  an<l  imperfect  knowledge  must  be  conditioned  by  mathematical 
necessity. 
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The  cLemist  often  pursues  his  investigations  into  the  constitution  of 
matter  witliout  any  thought  of  any  possible  utility  in  his  results^  He 
pursues  the  science  for  the  sake  of  science,  that  man  may  grow  in  Icnowl- 
edge  whether  or  not  he  can  turn  that  Ivnowletlge  to  practical  account  in 
the  manufacture  of  steel  or  the  dyeing  of  silk  or  the  synthesis  of  nitro- 
genous compounds. 

Yet  not  seldom  in  his  case,  as  in  the  history  of  pure  mathematics,  has 
it  transpired  that  a  truth  sought  for  truth's  sake  has  become  the  neces- 
sary foundation  for  splendid  material  achievement  One  need  but  recall 
the  labors  of  an  Archimedes  or  a  NeAvton  to  note  how  a  searcher  for 
higher  mathematical  truth  for  its  own  sake  may  become  an  epoch-maker 
in  human  progress. 

It  is  not  my  purpose,  however,  to  dwell  upon  this  part  of  my  subject, 
and  1  conclude  Avith  two  quotations  from  Sylvester.  In  recommending 
the  high  living  of  the  mathematician  and  nature's  provision  for  his  evolu- 
tion he  says:  **The  mathematician  lives  long  and  lives  young;  the  wings 
of  his  soul  do  not  early  drop  off,  nor  do  his  pores  become  clogged  with 
the  earthy  particles  blown  from  the  dusty  highways  of  vulgar  life."  And 
again:  "Space  is  the  Grand  Continuum  from  which,  as  from  an  inex- 
haustible reservoir,  all  the  fertilizing  ideas  of  modern  analysis  are  de- 
rived, and  as  Brindley.  the  engineer,  once  alloAved  before  a  ijarliamentary 
committee  that,  in  his  opinion,  rivers  were  made  to  feed  navigable  canals. 
I  feel  almost  tempted  to  say  that  one  principal  reason  for  the  existence  of 
space,  or  at  least  one  principal  function  whicli  it  discharges,  is  that  of 
feeding  mathematical  invention." 

Passing,  then,  with  this  cursory  mention,  a  theme  so  inspiring  and 
fruitful  as  the  conslderatitm  of  mathematics  from  tlie  ground  of  «]isciplint' 
and  culture,  let  us  confine  our  attention  to  the  qtiestion  of  utility  alone. 
What  has  mathematics  done  that  it  should  commend  itself  to  the  great, 
struggling  masses  of  humanity  who  are  l>usily  engaged  in  adding  to  the 
surplus  products  of  the  race,  who  are  breaking  ihe  virgin  sod  or  swing- 
ing the  artisan's  hammer  or  directing  the  world's  exchanges?  lias  mathe- 
matics any  right  to  stand  with  pliysics.  chemistry,  botany,  zoology,  geol- 
ogy, whose  cultivation  has  revolutionized  civilized  life? 

Can  a  science  which  begins  with  assumptions  neve'r  in  perfect  accord 
with  fact  and  whicli  ends  with  conclusions  impossible  of  exact  applica> 
tion  ever  get  its  feet  on  the  ground  sufficiently  to  secure  a  leverage  for 
pushing  along  the  car  of  progress? 
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In  considering  tlie  services  of  mathematics   from   tliis  purely   utili- 
tarian point  of  view  we  sliall  find  it  convenient  to  speak  of 


(iEOMEThY   AND   ANALYSIS. 

Tlie  American  people  are  unusually  intelligent,  but  is  it  not  true  that 
no  more  than  one  per  cent,  of  them  ever  have  any  ade<iuate  conception  of 
the  innumerable  ways  in  which  geonu»try  enters  into  their  every-day 
life? 

Houses  of  all  kinds,  from  the  humble  cottage  to  the  Manufac'turers' 
Building  of  tlie  White  <'ity.  from  the  backwoods  meeting  house  to  the 
vaulted  cathedral,  first  grow  on  jiaper  under  the  magic  of  geometry. 
Bri«lges  and  everything  that  rolls  over  them,  shops  and  every  manufac- 
tured prnduct  that  comes  out  of  them,  grow  into  being  in  the  same  way. 

Oidy  a  Michael  Augelo  can  hew  out  a  statue  without  model  or  draw- 
ing, but  Raphael  himself  must  resort  to  mathematical  perspective  for 
dt»i>tli  and  sky.  Not  of  Euclid  do  the  towering  buildings  and  the  diversi- 
ti€»d  intlustries  of  a  teeming  city  attest  so  much  as  they  do  of  the  French- 
man ^Iniigr.  upon  whose  discoveries  and  researches  are  base<l  our  .sys- 
tems of  in<lustrial  drawing  now  so  rapidly  and  deservedly  gaining  groimd. 
The  time.  I  believe,  is  not  remote  when  descriptive  geometry  in  some  of 
its  phases  will  find  a  more  open  way  into  the  high  school  and  will  insist 
on  recognlti(»n  whatever  else  may  suffer.  The  heart  of  the  shop  is  the 
draughting  room,  a  room  without  which  the  trunk  line,  the  ocean  steam- 
ship and  a  thousand  and  one  things  necessary  to  our  complex  civilization 
can  not  exist. 

The  educational  revolt  of  a  generation  ago  against  fossilized  methods 
then  widely  practiced  arose  from  a  conviction  that  we  had  outgrown 
monastic  institutions.  The  training  suitable  for  a  state  of  society  where 
all  education  was  in  the  hands  of  the  church  and  all  eilucated  men  became 
priests  was  found  to  be  no  longer  adequate  to  the  needs  of  a  country 
which  was  rapidly  developing  into  the  most  powerful  nation  on  the  earth 
through  the  industry,  inventive  genius  and  mechanical  skill  of  its  people. 

The  learning  of  the  college  was  laughed  to  scorn.  Then  came  science 
and  elective  courses,  but  this  was  not  enough.  Technology  was  trans- 
l)lanted  t'voiu  Russia  and  (iermany.  It  took  quick  root  and  has  had  a 
marvelous  }j:n)Wth  in  American  soil. 
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Throughout  the  world  what  an  expansion!  till  to-day,  through  the 
influence  of  their  technical  institutions  of  all  classes,  the  civilized  nations 
are  battling  for  the  industrial  supremacy  of  the  earth. 

So  essential  is  modern  geometry  to  technology  that  it  is  safe  to  say 
the  latter  can  not  exist  without  the  former.  Through  geometry  the  con- 
trolling mind  translates  the  creative  idea  to  the  willing  worker,  and  what 
was  only  a  dream  of  beauty  or  utility  now  stands  clothed  in  material  form 
under  the  eye  of  the  world  for  its  edification,  elevation  and  use.  The 
artist  whose  masterpieces  adorn  our  walls,  tirst  groups  his  figures  as  he 
wishes  them  to  appear,  then  he  calls  geometry  to  his  assistance  to  make 
them  seem  to  be  where  he  wishes  them. 

We  mistake,  however,  if  we  confine  the  services  of  geometry  to  tech- 
nology. Nature  is  continually  inviting  the  observant  mind  to  geometric 
study.  The  beautiful  crystalline  forms  which  abound  in  the  rocks  of  the 
glol>e,  hi  the  snow  and  tlie  ice  speak  of  unity  In  infinite  diversity.  Under 
the  microscope  the  thinnest  plate  of  shapeless  rock,  the  very  particles  of 
dtist  at  our  feet,  tell  through  shape  alone  a  story  of  origin  and  character 
interesting  and  valuable  alike  to  the  physicist,  the  geologist,  and  the 
chemist.  The  latter,  interested  in  the  ultimate  forms  of  matter,  finds 
suggestions  for  valuable  theories  upon  atomic  forms,  and  constructs  geo- 
metric niolectdes  in  which  a  dissimilar  i>osition  of  a  characteristic  atom 
will  in  a  measure  explain  such  curiosities  in  nature  as  right  and  left- 
handed  sugar,  which,  though  having  different  properties,  still  are  made  of 
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precisely  the  same  constittients  in  the  same  proportions. 

Analytic  geometry  occupies  the  border  land  between  geometry  and 
the  higher  analysis.  The  elements  of  this  subject  so  far  as  the  construc- 
tion of  loci  is  concerned  are  rapidly  becoming  tlie  possession  of  the  read- 
ing public.  The  variations  of  temperature,  of  humidity,  of  productivity, 
of  commerce,  of  population,  of  crime  and  of  the  price  of  Avheat.  from 
hour  to  hotn*.  or  from  day  to  day,  or  from  season  to  season,  are  imme- 
diately expressed  to  the  eye  by  curves  in  which  portions  of  time  are  the 
horizontal  measurements  and  the  various  values  of  the  function  are  the 
vertical.  In  science  the  natural  way  to  express  one  series  of  facts  de- 
pendent on  anotlier  is  through  a  curve.  Passing  on  from  loci,  wliich  are 
80  full  of  meaning  and  so  suggestive  of  causal  relations,  it  i.s  customary 
to  discuss  in  detail  the  circle,  the  paral»ola.  the  ellipse  and  the  liyperbola. 
The  laws  of  gravity  lead  to  these  curves,  and  they  are  the  fun<la mental 
orbits  of  the  bodies  of  the  universe.    In  terrestrial  matters  thev  lie  at  the 
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bnsis  of  tho  laws  govorninjr  strossos  and  strains,  the  study  of  optics,  tlio 
propagation  of  impulses  in  homogeneous  meilia,  and  a  thousand  practiinl 
things.  As  we  rise  lilglier  and  api)roach  analysis  we  trace  the  lines  along 
which  stresses  are  propagated  and  materialize  these  in  the  beautiful  iron 
bridge,  with  its  parts  nicely  shaped  an<l  adjusted  to  the  load  it  is  to 
carry.  Advancing  further,  our  lines  become  in  the  strain  diagram  a  veri- 
table graphical  calculus,  through  which  we  discover  the  stress  with  which 
any  load,  fixed  or  moving,  strains  a  structure,  and  therefore  through  it 
find  a  ready  means  of  designing  our  creations  to  resist  safely  the  stresses 
to  which  they  Avill  be  subjected. 

But  this  brings  us  to  the  question  of  analysis— the  other  .side  of  our 
subject.  I  shall  not  dwell  upon  algebra  as  we  usually  understand  that 
term  in  high  school  and  elementary  college  work.  I  need  only  speak  of 
it  as  generalized  arithmetic  to  recall  to  you  how  it  gathers  up  the  rules 
of  the  lower  subject  and  condenses  and  generalizes  them,  and  how.  by 
introducing  the  result  sought  at  the  beginning  of  a  series  of  operations, 
we  easily  carry  to  a  conclusion  logical  sequences,  otherwise  exceedingly 
difficult  to  follow,  and  ascertain  whether  or  not  the  problem  proposed  is 
capable  of  solution. 

It  must  be  confessed,  however,  that  algebra  in  the  ordinary  school 
sense  is  very  largely  a  discipline,  little  used  in  the  ordinary  affairs  of  life 
and  finding  its  principal  utility  in  the  studies  which  lie  beyond.  Yet  to 
pursue  tliese  witli  ease  and  suc(re8s.  a  knowledge  of  ordinary  algebraic 
methods  and  facility  in  algebraic  manipulation,  including  the  analysis 
of  the  angle,  is  a  prime  requisite.  I  come  now  to  speak  of  the  higher 
analysis  in  the  sense  in  which  it  is  ordinarily  applied— that  is,  the  infini- 
tesimal calculus  and  its  developments  and  allied  subjects— the  invention 
of  wliich  marks  an  epocli  in  hunum  progress  second.  I  believe,  to  no  other 
s<-ientific  event. 

It  is  curious,  Avhen  we  think  back  over  human  advancement,  that 
some  of  the  things  now  most  patent  to  our  senses  escaped  recognition  so 
long.  The  alchemist  stumbled  through  centuries  without  learning  the 
nature  of  air  and  water.  T1h»  most  puerile  ideas  regarding  the  earth's 
structure  prevailed  doAvn  to  the  American  Kevolution  and  later.  And  so. 
while  arithmetic.  Kuclid.  Diophan^ne  analysis  and  trigonometry  are 
highly  artift<'ial.  calculus  brings  us  back  to  nature.  Space  and  time  were 
continually  thrusting  themselves  \\\Hm  the  attention  of  man,  motion  in 
the  former,  rat<»  in  the  latter,  as  exemplified  ])y  every  moving  thing  and 
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changing  substance,  and  were  perpetually  inviting  attention  to  an  aritb- 
metic  that  took  bold  upon  continuous  number  and  rate  of  change.  Yet 
for  centuries  without  result.  The  method  of  exhaustions  came  very  near 
to  the  invention  of  the  calculus,  yet  Grecian  civilization,  with  its  brilliant 
record,  flourished  and  died  without  any  knowledge  of  it.  A  Scotch  pro- 
fessor in  Dalliousio  T'uiversity  was  accustome<l  to  say  that  with  tlie  cal- 
culus the  Greeks  would  easily  have  outstripped  us  in  invention.  In  depth 
and  clearness  of  thought,  in  majesty,  beauty  and  originality  of  ideas  and 
ideals,  in  strength  and  suppleness  of  limb  and  delicacy  of  touch,  they 
were  cl(»arly  our  masters.  They  could  geometrize  amazingly,  but  they  had 
no  science  of  continuous  number;  therefore  modern  civilization  is  passing 
theirs  with  giant  strides. 

When  the  Reformation  occurred  in  Germany,  its  spirit  was  abroad 
everywhere.  Had  Luther  not  come  to  the  leadership  at  that  time,  who 
will  say  that  another  champion  would  not  have  arisen  to  espouse  the  new 
ideas  and  stake  his  life  upon  their  success? 

So,  in  the  intellectual  progress  of  the  seventeenth  century,  new  no- 
tions had  permeated  the  mathematical  world.  The  idea  of  the  dependent 
and  the  independent  variable  had  gained  such  ground  that  the  then  new 
science,  analytic  geometry,  was  the  necessary  result.  This  new  subject 
lent  itself  readily  to  the  graphic  representation  of  mathematical  interde- 
pendence and  tlius  furnished  in  mathematical  form  a  generalized  expres- 
sion and  ivpresentation  for  a  thing  changing  in  obedience  to  law.  The  rate 
of  change  necessarily  followed  soon  after,  and  isolated  cases  of  its  use 
in  determining  the  tangent  to  a  cuiTe  show  that  it  was  in  the  air.  New- 
ton and  Leibnitz  immortalized  themselves  by  noting  the  mathematic*al 
drift,  seizing  tlie  new  methods  and  constructing  from  them  the  new  disci- 
pline. 

Thus  man  came  into  possession  of  an  instrument  adapted  to  discover 
and  establish  the  laws  and  processes  of  nature  because  it  is  constructed  on 
nature's  model.  Trees  do  not  increase  instantly  a  foot  in  height  and  then 
rest  for  a  period  before  the  next  jump.  Rivers  are  not  at  one  instant  a 
swelling,  muddy  flood,  and  at  the  next  a  clear,  tranquil  stream.  The 
Knickerbocker  Express  does  not  go  by  jerks  and  instantaneous  leaps  from 
point  to  point  as  it  passes  over  the  space  between  Indianapolis  and  New 
York.  But  everything  from  external  nature  to  the  innermost  soul  of 
man  connect  various  times,  seasons  and  conditions  by  continuous  num- 
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her.    The  treo,  tlie  animal  grows,  the  flood  abates,  the  train  progresses, 
mind  matures,  life  expands,  love  deepens  and  broadens. 


"  (.'hnncc  and  ctiange  arc  bu^y  ever, 
Man  decays  and  ages  move.'* 


God  alone  chnngeth  not. 

But  everything  we  see,  all  else  we  can  tliink  of,  is  in  a  state  of  flux. 
The  rate  of  these  changes  is  matter  of  common  observation  and  com- 
ment, and  it  is  nothing  but  tlio  first  differential  coefficient.  Tait  says 
every  one  uses  the  ideas  of  the  calculus  if  he  is  not  a  fool.  I  doubt 
whether  any  of  us,  without  we  consciously  jrive  ourselves  to  reflection 
upon  tlie  subject  begin  to  see  the  clearness,  the  depth,  the  breadth,  the 
comprehen.siveness,  of  Newton's  philosophic  vision  when  he  gave  to  the 
world  the  words  fluitit  and  fluxion  in  connection  with  his  new  culture. 

As  calculus  was  the  first  master-word  spoken  to  the  very  soul  of  na- 
ture, so  it  has  wn^sted  from  her  first  this  se»cret  then  that,  until  man  with 
this  powerful  ally  is  rapidl.v  enslaving  all  her  powers  to  work  out  his  own 
will. 

The  calculus  rewarded  its  discoverer  by  giving  him  the  demonstration 
of  the  invisible  chains  binding  the  moon  to  tlie  earth  and  then  by  deliver- 
ing into  his  hand  the  secret  of  the  system  of  the  worhl.  Who  will  esti- 
mate the  services  to  civilization  of  tht^se  cosmical  studies?  Old  supersti- 
tions disappeared  forever.  A  man's  horosc'ope  became  only  a  poetic 
fancy.  Men  no  longer  prayed  to  be  delivered  from  the  flesh,  the  devil  and 
the  comet.  But  our  solar  system  wns  reduced  to  order  and  beauty,  while 
mathematical  analysis  reached  out  with  her  long,  delicate,  quivering 
fingers  and  snatched  from  the  depths  of  space  a  new  planet— never  seen 
by  the  unaided  eye  of  man— to  enrich  the  retinue  of  our  sun,  and  to  dem-. 
onstrate  the  divinity  of  the  human  Intellect. 

This  was  the  first  grt»at  conquest  of  the  calculus.  But  when  it  was 
turned  upon  things  terrestrial,  it  exerted  an  influence  less  dazzling  per- 
haps, but  no  less  profound.  It  laid  the  foundations,  more  perhaps  than 
any  other  one  thing,  for  our  age  of  brilliant  invention  and  startling  discov- 
ery. Oreat  generalizations  have  sprung  from  active  imagination  and  pa- 
ti(»iit  accumulation  of  facts.  But  these  usually  have  a  far  richer  content 
tliau  their  first  announcers  dream  of.  The  calculus  analyzes  these  great 
thoughts,  recombines  them  and  produces  results  the  most  unexpected  and 
important. 
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MiK-h  of  our  iM)lite  learniuju;  has  been  in  the  possession  of  the  world 
for  two  thousand  3ears  or  more,  but  the  i>ec'uliarity  of  our  present  civili- 
zation is  tlio  jjenoral  diffusion  of  Icnowledge  and  the  triumphs  of  eugiueer- 
ing  sliill.  Invention  and  nia<*hinery  have  multiplied  man-power  by  twenty. 
And  Ijelow  it  all  lies  the  <*alculus.  The  successful  engineer  who  would 
hv  anjthin^  but  a  mere  slavish  copyist  must  have  a  mind  well  founded  in 
matluMnatics. 

Let  us  refer  brierty  to  some  of  the  things  wliic-h  calculus  has  done  or 
helped  to  do  in  engineering.  We  may  say  with  little  danger  of  contradic- 
tion that  the  engineering  of  to-day  is  a  question  of  minimum  causes  and 
maximum  effects— a  question  of  the  first  differential  coefficient. 

A  Tay  bridge  <lisaster  reveals  a  crime  against  humanity.  We  won- 
der at  the  pyramids  and  temples  of  Egypt,  but  when  we  think  of  the 
liv(»s  sacritice<l  like  tlies  in  these  colossal  but  useless  works,  where  the 
means  employed  were  vastly  out  of  proportion  to  the  ends  sought,  here, 
too,  was  a  crime  against  humanity. 

It  is  eciually  beneath  the  dignity  of  the  discipline*!  man  to  put  too 
much  or  too  little  into  a  structiu'e  to  serve  its  designed  purpose  in  use  and 
beauty. 

In  hydraulics,  calculus  investigates  water  pressure  on  a  submerged 
surfa(!e  and  center  of  pressure  for  same,  thus  determining  the  size  and 
form  of  retaining  walls  of  all  kinds,  and  solving  the  first  problem  of  a 
water  supply.  It  also  investigates  the  <iuantity  of  discharge  through  ori- 
fices, notches  and  overweirs,  determines  the  most  economical  sections  of 
conduits  and  canals,  the  time  of  emptying  or  filling  locks  or  other  vessels 
under  a  varying  head;  the  maximum  range  of  jets  from  a  given  inclination 
determines  empirical  formulae  from  experimental  data  by  the  aid  of  least 
squares;  discusses  non-uniform  flow  in  rivers  and  back  water  curve  above 
dams;  discusses  thi'  maximum  work  derived  from  moving  vanes,  such  as 
stationary  water  wlieels,  wheels  of  steam  boats,  and  screws  of  propel- 
lers. 

Fifty  yeftrs  ago  an  excellent  engineer  by  the  name  of  I'riah  Boyden 
spent  weeks  in  designing  the  buckets  of  a  water  wheel.  He  obtained 
correct  forms,  but  by  the  aid  of  the  calculus  a  man  no  more  talented 
naturally  maj'  to-day  do  the  same  work  in  two  or  three  hoiu*s. 

In  machinery  and  structures  it  investigates  tlie  work  absorbe<l  by 
friction  <»f  "pivots  and  the  like;  moments  of  inertia  and  (-enters  of  gravity 
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leading  to  transverse  strength  of  beams,  their  deflections,  slopes  and  elas- 
tic curves;  it  establishes  the  strength  of  thick  hollow  cylinders  and 
s|»li«»n»s  upon  \vhi<li  is  basetl  the  design  of  fire-arms  and  ordnance;  com- 
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putrs  suspensi<m  bridges;  determines  stresses  in  arche<l  ribs  of  iron,  steel, 
or  timber,  or  in  stone  arches. 

It  gives  the  mathematical  theory  of  maps,  derives  formulae  for  com- 
l)uting  geographical  co-ordinates  and  for  map  projection;  adjusts  observa- 
tions in  triangulation  and  determines  the  probable  error. 

It  analyzes  and  improves  the  steam  engine;  it  studies  the  effects  of 
re<iprocating  parts,  studies  the  balance  wheel,  the  shaft,  rods,  and  cranks; 
it  enters  the  steam  box  and  discusses  steam  pressure,  horse  power,  and 
efficiency.    It  measures  the  contents  of  irregularly  shaped  vessels. 

It  may  sometimes  seem  that  the  problems  along  these  lines  have  been 
worked  out  and  embodied  in  the  shape  of  formulae  and  that  there  is  no 
more  use  to  study  the  method  further  for  these  pu nooses.  That,  however, 
is  not  true.  A  man  should  always  be  master  of  the  tools  he  is  using  if 
he  wishes  the  best  results.  The  man  who  can  derive  a  formula  under- 
stands best  its  applications  and  limitations.  Moreover,  occasionally  new 
an<l  imi»ortaut  questions  arise  which  can  not  be  answered  at  all  unless  one 
is  versed  in  the  use  of  the  calculus. 

It  has  largel.v  developed  the  dynamo  and  has  given  us  Fourier's  series 
upon  which  the  theory  of  this  machine  rests. 

Klein  once  said  to  a  former  pupil  of  his: 

"You  know  that  I  liave  l)een  too  busy  witli  tlieoretical  matters  to  keep 
up  with  the  practical  things;  what  is  tlie  greatest  recent  discovery  in  the 
application  of  electricity  to  the  arts?*'  The  pupil  rei»lied:  "Tlie  greatest 
recent  discovery  in  electrical  engineering  is  a  metluxl  by  whi<*h  a  current 
may  leave  a  long  circuit  at  a  higher  potential  than  it  entered  it."  This 
is  the  well-known  principle  by  which  Niagara  Falls,  for  example,  becomes 
available  many  miles  away  from  the  fall  itself,  as  a  source  of  power. 
Klein  said:  "Wait.  That,"  he  presently  exclaimed,  "depends  on  the  second 
differential  coefficient." 

Problems  such  as  I  have  thus  far  alluded  to  are  the  problems  of  civili- 
zation. Light,  heat,  power,  architecture,  water  supply  and  distribution, 
dissemination  of  news,  transportation— did  you  ever  think  how  closely 
these  things  affect  us?  Chemistry  and  mathematics  have  done  their  best 
in  providing  for  our  hx'omotive  a  rail  that  would  resist  ttfe  strain  of  a 
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40-ton  car  aud  an  80- ton  engine.    The  40- ton  car  is  the  ship  of  the  plains. 

Without  it  millions  of  acres  now  dotted  by  happy  homes  would  have  been 

unavailable  for  settlement. 

Up  to  this  time  but  a  small  per  cent,  even  of  oftr  educated  people  have 

been  imbued  witli  tlie  si)irit  of  the  calculus  and  have  appreciated  its 

l)ower.     Indications  point  to  a  large  expansion  in  the  near  future  in  the 

number  of  tliose  who  will  cidtivate  it  for  the  power  that  it  will  givp. 

A  popular  German  treatise  upon  this  subject  has  recently  bf>en  written 
expressly  for  chemists. 

The  object  of  this  treatise  is  easily  deduced  from  a  remark  in  it 
quoted  from  .Tahn  in  his  elements  of  electro-chemistry,  lie  says:  •*(.'hem- 
ists  must  gradually  accustom  themselves  to  the  thought  that  theoretical 
cliemistry  without  the  mastery  of  the  elements  of  the  higher  analysis 
will  remain  for  them  a  sealed  book.  For  the  chemist  the  differential  or 
integral  sign  must  cease  to  be  a  senseless  hieroglyphic  if  he  will  avoid  the 
danger  of  losing  all  comprehension  of  the  theory  of  his  subje<t,  for  it 
is  fruitless  labor  to  attempt  to  make  clear  in  many  weary  pages  what  an 
equation  says  to  the  initiated  in  a  single  line." 

By  the  higher  analysis  (iuldberg  and  Waage  have  obtained  formulae 
for  studying  the  course  and  end  of  a  chemical  reaction.  Neither  in  the 
application  of  analysis  to  chemistry  are  mathematical  difficulties  seriously 
in  the  way.  The  inner  nature  of  the  physical  or  chemical  process  is  repre- 
sented as  truly  by  the  method  and  working  of  the  higher  analysis  as  an 
object  is  represented  by  its  photograph. 

The  power  of  the  analysis  in  nature  lies  largely  in  its  ability  to  deduce 
instantly  from  one  set  of  laws  another  set  equally  important  which  at 
first  siglit  do  not  seem  to  be  closely  related  to  it.  For  example,  knowing 
the  law  of  motion  in  space,  we  deduce  velocity  at  any  instant;  knowing 
the  chemical  reaction  as  a  whole,  we  deduce  its  intensity  at  any  moment; 
from  the  weight  of  air  and  the  law  of  gases  we  deduce  its  pressure  at  any 
height. 

To  the  chemist  we  must  look  for  the  solution  of  many  problems, 
whether  of  theory  or  practice.  Perhaps  the  greatest  of  these  is  the  philo- 
sophic question  of  the  ages— f/*e  nature  of  matter.  If  this  question  is  ever 
definitely  settled  it  will  be  by  the  chemist,  with  the  aid  of  the  calculus. 

The  higher  analysis  in  its  services  to  mankind  is  not  confined  to  the 
exact  sciences. 
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Those  who  cultivate  the  natural  sciencos,  so  called,  have  been  making 
and  sifting  vast  accumulations  of  important  facts  with  an  enthusiasm, 
energy,  patience  and  self-devotion  which  form  an  impressive  illustration 
of  tlie  self-denial,  the  intelligent  consecration  of  self  to  the  race,  the 
su1>liiiie  purpose  in  life  of  the  educated  man  of  to-day.  Where  in  historj' 
will  you  find  finer  examples  of  chivalric  self-renunciation  than  are  oc- 
curring among  these  men  and  women  every  day?  Natural  history  has 
liad  its  profound  generalization.  From  the  nature*  of  the  scientific  laws 
of  the  origin  of  species,  and  fnim  their  fancied  bearing  upon  religion  as 
well  as  science,  every  foot  of  ground  has  been  bitterly  contested.  Even 
to-day  Darwinianism  has  many  confident  enemies.  The  controversy  has 
readied  that  stage,  Iiowever.  where  something  akin  to  mathematical 
demonstration  is  needed  if  tlie  theory  would  make  further  serious  ad- 
vance. To  this  last  chapter  Indiana  is  worthily  making  its  contribution; 
but  when  an  attempt  is  made  to  discuss  observations  and  establish  re- 
sults upon  higher  ground,  tlie  calculus  again  comes  into  requisition.  In- 
deed, so  should  it  be,  as  the  problem  here  presented  is  simply  this:  Can 
small  accidental  variation  be  integrated  into  specific  differences? 

(Jeology  in  its  dynamical  aspects,  in  its  discussions  of  the  earth's  in- 
terior, and  in  questions  of  time  necessary  for  the  deposition  of  strata 
un<ler  varying  oonditions  must  sooner  or  later  resort  to  the  infinitesimal 
analysis. 

To  tliese  will  be  added  surface  problems  similar  perhaps  to  the  one 
suggested  by  a  geologist.  He  asked  that  the  calculus  should  be  applied 
to  determine  the  way  in  which  varying  temperatures  apart  from  rain  or 
frost  may  round  off  angular  fragments  of  rock. 

As  iK)litical  economy  grows  in  <.*ertainty  and  increases  in  exactness, 
it  is  found  that  it  becomes  a  proper  field  for  the  higher  analysis.  Econo- 
mists, in  fact,  who  desire  to  get  the  full  content  from  tlie  material  which 
they  try  to  interpret  and  generalize  are  coining  to  the  calculus  for  an 
essential  part  of  their  equipment.  In  1838  Augustin  Garoot  wrote  upon 
the  matliematical  principles  of  tlie  theory  of  weahh.  Recently  this  has 
been  tianslate<l  in  America,  and  a  Yale  professor  has  published  a  little 
work  on  tlie  calculus  to  enable  those  to  understand  it  who  are  untrained 
in  higlier  mathematics.  In  all  products  which  may  freely  invite  competi- 
tion rliere  are  certain  ascertainable  relations  among  quantity,  demand, 
price  and  profit.    These  are  expressible  in  analytic  form,  can  be  operated 
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upon  by  the  methods  of  the  higher  analysis  and  tlie  result  can  be  reduced 
to  rational  laws  for  the  control  of  trade. 

When  the  diversified  interests  of  our  country  have  been  thus  subjected 
for  a  period  of  years  to  statistical  investigation  and  these  results  again 
have  been  formulated  into  equations  of  condition  which  in  turn  may  bo 
operated  upon  by  the  prolific  methods  of  the  mathematician:  when  finally 
the  laws  thus  deduced  have  been  published,  read  and  understood,  we  may 
hope  that  commerce  may  be  something  besides  a  shrewd  guess  and  that 
its  sliores  will  not  be  strewed  with  the  wrecks  of  the  hopes  of  95  i»er  cent, 
of  those  who  embark  upon  its  uncertain  tides. 

In  1815,  Elkanah  Watson,  the  well-known  promoter  of  the  Erie  Canal, 
made  his  famous  prophecy  concerning  the  rapidity  of  the  settlement  of  the 
United  States.  Some  will  remember  how  marvelously  accurate  this 
prophec}'  was  fulfilled  up  to  the  sixth  decade.  But,  l>eginning  with  the 
census  for  1870.  a  wide  divergence  set  in.  At  first  the  large  defieiency  in 
the  observed  population  of  1870  was  naturally  attributed  to  the  influence 
of  the  civil  war.  The  mathematicians,  however,  soon  began  to  analyze 
the  returns  and  they  discovered  that  the  havoc  and  distress  of  our  great 
conflict  was  quite  Inadequate  to  account  for  the  change  in  rate  of  in- 
crease. As  a  result  of  these  purely  mathematical  investigations,  our 
sociologists  began  to  search  for  the  new  conditions  which  were  so  pro- 
foundly affecting  American  life.  They  found  them  in  the  Increase  of 
luxury,  in  the  more  exi»en8ive  habits  of  living  then  introduced,  which 
tended  to  check  the  size  of.  American  families.  So,  analysis  applied  to 
sociological  questions  can  not  report  on  more  forces  than  have  been  en- 
trusted to  it,  but  it  may  call  attention  to  the  fact  that  new  and  unknown 
causes  have  entered  into  i)roblems  under  discussion  and  show  where  they 
first  made  their  appearance.  Tlius  it  may  lead  the  way  to  discoveries  of 
vast  moment  in  the  sum  total  of  human  knowledge. 

To  what  is  our  analysis  heading  usV  Who  can  tellV  It  is  certainly 
gradually  arming  us  witli  iM)w<»rs  comparable  to  those  of  the  fabled  Mar- 
tians of  HM-cnr  Cosuiupijlit'in  fame. 

raraday  was  proba))ly  an  abler  man  than  Maxwell.  The  former  de- 
veloped many  i<leas  wliich  would  not  have  occurred  to  the  latter,  but  he 
was  no  mathematician.  Maxwell  took  up  the  results  furnished  by  his  pre- 
decessor and  worked  <»ut  l\v  the  calculus  tht»  electro-magnetic  theory  of 
liglu.  de<lucing  many  curious  tilings  which  coidd  never  have  occurre<i  to 
Faraday. 
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Our  warrior  no  longer  wears  mail  and  carries  the  cumbrous  slii«»l(l. 
si>ear,  and  battle  ax,  but  we  arm  him  with  the  Krap-Jorgensen  an<l  1h» 
strikes  his  blow  from  as  far  away  as  he  can  see  his  man. 

Who  will  set  the  limits  to  our  advance?  As  our  Ivuowledge  becomes 
more  exact,  the  application  of  our  anal3'sis  will  widen  till  it  cinl>races 
man  and  nature  in  all  their  essence  and  relations. 


Woollen's  Garden  of  Birds  and  Botany.     By  W.  W.  Woollen. 

Woollen's  Garden  of  Birds  and  Botany  is  situated  due  northeast  from 
the  city  of  Indianapolis,  on  the  south  bank  of  Fall  Creek,  and  is  nine 
miles  from  the  Indiana  Soldiers'  Monument,  the  center  of  the  city,  and 
four  and  a  lialf  miles  from  its  corporate  limit.  It  consists  of  forty-four 
acres  of  land,  being  four  a<res  larger  than  Shaw's  <Tarden.  near  the  city 
of  St.  Louis.  About  twenty-nine  acres  of  the  garden  is  woodland,  and  the 
remaining  fifteen  acres  are  in  cultivation. 

It  has  a  river  front  of  one-third  of  a  mile,  and  this  is  covered  with 
timber  and  vines.  The  cultivated  portion,  most  of  which  is  rich  bottom 
land,  lies  between  the  river  front  and  the  woodland.  This  is  divided  l>y 
strips  of  timber  into  three  irregular  parts  and  susceptible  of  being  made 
very  useful  and  attractive.  In  it,  with  little  expense,  two  lagoons  can 
easily  be  nuide  for  the  growing  of  water  plants.  The  river  front  can  bp 
admirably  adapted  to  the  same  use. 

The  timber  land  ctmsists  of  three  hills,  extending  from  the  south  to 
the  nortli,  tin*  projections  of  which  gracefully  slope  to  the  cultivated  lan<l. 
forming  two  perfect  amphitheaters  overlooking  the  cultivate<i  land.  These* 
amphitheaters  are  exceedingly  beautiful,  the  line  of  timber  on  them 
coming  down  to  the  very  edge  of  the  cultivated  land  and  encircling  it  on 
the  north  with  <-urved  lines  as  true  as  could  be  drawn  by  a  lamls<ni»e 
gardener. 

The  hills  are  from  one  hundre<l  to  one  hundred  and  twenty-five  feet 
high,  and  dividiMl  by  spring  rivulets,  which  have  rocky  lK)ttoms  an<l  beau- 
tifid  meanderings.  On  one  of  these  hills,  in  the  very  depths  of  tlie  forest, 
is  an  immense  l>owlder,  and  on  another  a  very  considerable  mound,  whicli 
tradition  says  is  the  grave  of  an  Indian  chief.  None  of  the  hillsides  are 
precipitous,  and  because  of  this,  every  inch  of  their  surface  is  adapted  to 
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the  growing  of  sometliing.  and  in  fact  is  covered  with  wild  plants.  On 
the  projection  of  one  of  these  hills  are  to  be  found  more  hepatioas  and 
trilliums  than  at  any  other  place  in  this  section  of  the  country,  and  on  one 
of  the  hillsides  about  three-fourths  of  an  acre  is  covered  lllje  a  meadow 
with  celandine  popples. 

The  native  wild  plants  have  never  been  disturbed  in  this  piece  of  for- 
est, it  having  never  been  pastured,  and  here  I  have  found  growing  a 
greater  variety  of  trees,  shrubs,  vines,  herbaceous  plants  and  fungi  than 
in  any  other  place  that  I  have  seen  in  all  the  tramping  that  I  have  done, 
and  I  have  been  a  tramp  all  of  my  life.  No  amount  of  money  or  labor 
that  could  be  expended  by  man  could  m&ke  such  a  garden  as  has  here 
already  been  created  by  God.  Truly,  it  has  been  written:  "The  heavens 
declare  the  glory  of  God,  and  the  firmament  showeth  His  handiwork." 
"His  works  are  done  in  truth;"  "the  earth  is  full  of  the  goodness  of  the 
Lord." 

The  primary  idea  1  have  in  mind  is  to  preserve  these  "wondrous 
worljs,"  just  as  they  are.  for  all  time  to  come.  My  second  thought  is  that 
to  this  garden  shall  be  brought,  planted  and  preserved  every  tree,  shrub, 
vine  and  plant  not  already  growing  in  it.  which  now  grows,  or  has  here- 
tofore grown,  in  Indiana;  in  otlier  words,  that  the  garden  shall  represent 
the  botany  of  Indiana. 

Of  the  birds  it  is  written,  "and  not  one  of  them  is  forgotten  before 
God."  Then,  why  not  we  liave  considerate  care  for  them?  Again,  it  is 
written:  "Yea,  the  sparrow  hath  found  an  house,  and  the  swallow  a  nest 
for  herself,  where  she  may  lay  her  young."  This  embodies  my  thought 
as  to  what  the  garden  is  to  be  for  the  birds.  That  is.  that  it  is  to  be 
their  home,  and  a  place  where  they  can  have  their  nests  and  raise  their 
young  without  molestation.  The  garden  is  peculiarly  favorable  for  both 
land  and  water  fowls,  and  every  effort  will  be  made  to  make  it  a  favor- 
able stopping  and  breeding  place  for  them.  In  doing  this,  special  atten- 
tion will  be  given  to  the  planting  of  trees,  shrubs  and  vines  that  produce 
fniits,  berries  and  nuts,  so  that  they,  the  squirrels  and  the  like,  may  have 
plenty  of  food. 

My  hope  is  that  provision  may  be  made  for  a  library  and  appliances 
for  the  study  of  natural  history,  in  connection  with  the  garden,  and  that 
the  whole  may  be  in  charge  of  a  curator. 

I  was  born  in  the  city  of  Indianapolis;  what  little  college  education  I 
have  was  obtained  at  Butler  College,  and  the  Indiana  Academy  of  Science 


lias  houored  me  with  membership  in  it.  And  so  I  liave  it  in  mind  to  vest 
the  title  to  the  garden  in  the  city  of  Indianapolis,  and  when  I  have  done 
wltli  it.  to  place  it  under  the  control  of  the  Superintendent  of  the  Schools 
of  Indianapolis,  the  President  of  Butler  College  and  the  l*resident  of  the 
Indiana  Academy  of  Science  for  the  joint  benefit  and  use  of  the  bodies 
represented  by  them.  In  doing  this,  I  expecjt  to  have  the  hearty  support 
of  these  bodies,  and  the  labor  and  pleasure  of  developing  the  garden 
shared  by  them. 

At  my  time  of  life  and  with  my  limited  means,  I  can  not  hope  to  do 
more  than  to  get  the  garden  fairly  under  headway.  I  have,  however,  an 
abiding  faitli  that  ultimately  it  will  become  "a  l>eautiful  book  of  living 
nature." 


Plans  for  the  New  liuiLuixciS  ok  the  BiOLociicAL  Station. 

By  Cari.  H.  Eioenmann. 

The  Indiana  University  Biological  Station,  established  on  Turkey 
Lake  in  1895,  will  be  moved  to  Eagle  Lake  (Winona  Lake),  eighteen  miles 
from  its  present  location.  Buildings  will  be  erected  by  the  Winona  Assem- 
bly and  Summer  School  Association  after  the  plans  1,  2,  3  and  4. 

Plan  1.    Lower  floor  of  the  zoological  building. 
ii\)    Director's  office. 

(b)  Private  laboratory. 

(c)  Private  laboratory.     Assistant  in  charge  of  the  Iniild- 

ing. 

(d)  I*rivate  laboratory.     Dr.  Dennis. 

(e)  Photographic  room. 

(f)  Assistants'  room. 

<g)    Lake  survey  laboratory. 
(h)    Dark  room  under  the  stairs. 

Plan  'J.    Second  floor  of  the  zoological  building, 
(i)    General  zoological  laboratory. 
rj)    Dr.  Slonaker*s  private  lalKjratory. 
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Plan  1.— Lowir  Floor  or  Zoolooigal 
Building. 


Plan  2.— Skcond  Floor  op  Z00LOOICA.L 
Building. 
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Plan  3.— Lowkb  Floor  of  Botamioal 
Building. 


Plam4.— SicoND  Floos  or  Botanical 
Building. 
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Plan  i\.    Lower  floor  of  the  botanical  building. 

(k)    Embryological  laboratory. 

(1)    Microtomes. 

(m)  Assistants  in  charge  of  the  biiikling. 

(n)    Bacteriological  laboratory. 

(o)    Dr.  Lyons's  private  laboratory. 

(p)    Dark  room. 
Plan  4.    Second  floor  of  the  botanical  building. 

(q)    General  laboratory. 

(r)    Dr.  Mottier*s  private  laboratory. 

Slight  modifications  may  be  made  in  tlie.se  plans  during  tlie  construc- 
tion of  these  buildings.    They  will  l>e  ready  for  occupation  June  1,  1899. 


Explorations  in  thk  Cavfs  of  Missnnn  ani>  Kenttckv. 

By  Carl  H.  Eicjenmann. 

Through  a' grant  of  .<1CH)  from  the  Elizabeth  Tliomps(m  Science  Fund 
and  the  liberality  of  the  Monon,  Louisville  &  Nashville,  Louisville,  Evana- 
ville  &  St.  I-.oui»,  and  St.  Louis  &  San  Francisco  railroad  <*onipanies,  I  have 
been  able  to  put  two  sliort  vacations  to  the  l>cst  us<»  possible.  The  first 
week  in  September  was  si>ent  in  southwestern  Missduri  and  t\u}  southeast- 
em  part  of  Kansas. 

While  much  incidental  information  was  gathere<l  concerning  caveS  and 
cave  animals,  the  chief  worU  of  the  tri])  was  to  visit  Marble  Cave  in  Stone 
County,  Rock  House  Cave  in  Barry  County.  Si»ring,  Day's,  Wilson's,  and 
Carter's  caves  in  .rasi»or  County,  and  a  cave  wliose  name  I  have  lost,  east 
of  Springfield  in  Green  County.  Missouri.  Tlie  actual  results  were  ob- 
tained in  Marble  Cave.  Rock  HcMise  Cave  and  Day's  Cave. 

To  rea(!h  Marble  Cav»^  it  was  necessary  to  travel  nearly  forty  miles 
from  the  railroad  over  a  rougli  country  well  deserving  the  name  of  Stone 
County,  for  in  some  pla«cs  It  was  a  speculation  where  the  inhabitants 
were  al^le  to  secure  mud  enough  to  stop  the  chinks  in  their  log  houses. 
Marble  (■ave  opens  at  the  top  of  a  hill  that  is,  I  was  told.  075  feet  above 
White  River,  a  short  distance  away.  The  entrance  leads  down  over  a 
winding  stairway  and  arountl  a  pile  of  fallen  debris  for  over  a  hundred 
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feet.  The  object  in  quest  of  which  I  came  to  this  place  was  the  very  rare 
cave  salamaiKler.  Typhlotriton.  It  was  found  in  a  low  passage,  so  low 
that  going  on  hands  and  knees  was  in  many  places  out  of  the  question. 
The  process  of  going  snake  fashion  was  facilitated  by  the  slippery  roof, 
and,  in  many  places,  a  muddy  floor.  A  layer  of  .water  of  vai'ying  depth 
covered  the  floor.  In  this  water,  under  rocks.  I  found  the  salamanders. 
It  is  worth  pondering  that  here,  many  feet  under  ground,  this  salamander 
has  retained  the  retiring  habits  of  its  confreres  of  the  upper  surface.  I 
secured  four  adults  and  two  larvae  at  this  point.  One  of  the  adults T  met 
coming  down  a  slippery  slope  on  all  fours,  while  I  was  going  up  in  the 
same  fashion. 

Rock  House  Cave  is  reached  from  Exeter  on  the  Frisco  line  by  a  little 
railroad  that  runs  down  hill  all  the  way  to  Cassville,  and  thence  by  buggy 
to  Rock  House  Cave.  Evidently  there  formerly  was  an  extensive  series 
of  underground  streams  here.  The  main  cave  has  been  obliterated  by  ero- 
sion, which  has  cut  down  below  the  former  level  of  the  main  cave.  As  a 
result  we  find  here  a  deep,  narrow  valley  with  small  tributaries  emptying 
into  it  from  caves  opening  high  up  on  the  sides  of  the  valley  in  little 
gorges.  The  largest  of  these  is  Rock  House  Cave,  with  an  entrance  large 
enough  to  serve  as  a  carriage  house.  In  the  gravel  of  the  bed  of  the  small 
rivulet  coming  from  this  cave  I  secured  an  additional  lot  of  larval  Typhlo- 
triton, but  could  find  no  more  adults.    This  cave  I  entered  twice  by  myself. 

Day's  Cave  I  had  visited  a  year  before  when  I  sat,  lamenting  and  in 
impotent  rage,  at  the  mouth  of  this  hole  in  the  ground.  It  was  full  of 
water,  the  mouth  choked  up  and  I  could  not  get  in.  Now  I  came  with 
plans  for  excavations  which  I  would  set  on  foot  while  I  went  elsewhere 
to  look  for  game.  To  my  delight  I  found  that  some  enterprising  citizens 
had  dug  a  neat  passageway  into  this  cave  to  see  what  could  be  done  with 
the  water  to  supply  the  town  of  Sarcoxie.  It  was  still  necessary  to  crawl 
to  get  in,  but  1  was  at  once  rewarded,  for  I  caught  the  new  genus  of  blind 
fish  described  in  the  proceedings  of  this  Academy  last  year  as  Typii- 
llchthys  rosae.  I  entered  this  cave  twice  in  one  day  and  secured  eight 
flshefi. 

I  was  induced  to  go  on  a  fool's  errand  into  Kansas  by  the  things  <le- 
scribed  by  an  old  miner  witli  a  string  of  scintillating  expletives  as  l>eing 
common  in  the  drifts  of  the  extensive  mines  of  that  region.  But  aside 
from  a  little  experience  nothing  was  gainetl  on  this  trip. 
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On  November  22d.  I  started  for  ^lanimotb  Cave.  The  objects  I  espe- 
cially wanted  were  the  very  rare  Chologaster  agassizii,  specimens  of 
Aniblyopsis  from  south  of  the  Ohio,  Typhliclithys  subterraneus  and  the 
cavt*  rat,  Neotoni,T.  Mr.  H.  O.  Ganter,  manager  of  Mammoth  Cave,  did 
ovtM'vthiup:  in  liis  powev  to  make  my  trip  both  successful  and  pleasant. 

Although  all  the  likely  places  were  examined,  not  a  single  Typh- 
lichthys  or  Amblyopsis  could  be  found.  After  a  day  in  searching  for 
Chologaster,  when  almost  despairing,  we  found,  in  a  little  pool  of  the  river 
Styx,  several  of  these  very  rare  tlshes  lying  on  the  bottom.  As  soon  as  my 
net  touohe<1  the  water  they  were  off,  and  since  the  mud  at  the  liottom  was 
very  easily  riled  but  two  specimens  were  secured.  Next  day  the  same 
spot  was  visited,  when  two  more  specimens  were  secured. 

A  horse- back  ride  of  several  miles  brought  us  to  Cedar  Sinks.  The 
roof  of  an  enormous  cavern  has  here  fallen  in  ages  ago.  At  one  end  the 
overarching  rocks,  which  form  part  of  the  sides  of  this  ancient  dome, 
still  l>ear  witness  to  the  existence  of  a  former  stupendous  structure  which 
covered  several  acres  of  ground.  At  the  bottom  of  this  cliff  a  few  small 
openings  lead  into  caves.  One  of  these,  judging  from  the  strong  current 
of  air  passing  into  it,  must  be  a  large  cave.  In  these  caves  an  additional 
specimen  of  Chologaster,  the  largest  secured,  was  taken,  and  this  repaid 
amply  for  all  the  trouble  it  had  cost  to  come. 

One  rave  rat  was  killed  in  Audulion  Avenue  in  Mammoth  Cave.  An 
account  of  this  rat,  as  well  as  of  Chologaster.  will  appear  elsewhere. 

One  other  catch  of  great  importance  was  made.  T  secured  a  specimen 
of  Cambarus  pellucidus  with  young.  A  good  series  of  these  has  been 
preserved  for  future  study. 

A  few  words  should  be  added  al>out  Mammoth  Cave  itself.  I  came 
to  tliis  cave  the  second  time,  regarding  it  simply  as  a  locality  harboring 
cave  animals.  Opportunities  came  to  see  much  of  the  cave,  and  I  must 
confess  liaving  become  impressed  with  the  value  of  the  scientific  problem 
the  cave  itself  presents  and  tlie  absorbing  interest  of  its  scenery.  There 
are  really  four  tiers  of  caves,  one  above  the  other.  The  upper  two  stories 
are  dry,  but  the  lowest  contains  water  permanently.  The  present  outlet 
of  the  cave  is  practically  on  a  level  with  Green  River  at  its  low  stage, 
and  if  the  size  of  the  cave  increases  it  can  only  be  by  dissolving  the  bed 
rocks  of  the  Echo  and  Styx  Rivers.  The  water  is  said  to  rise  sixty  feet 
2\nd  more  during  lu»avy  rains,  the  outlet  of  the  cave  streams  being  very 
small.    The  difTeii'nl  levels  of  the  cave  are  joined  by  direct  channels,  by 
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Donn*.  are  150  feet  from  top  to  bottom.  The  floor  of  the  main  cave  is  on 
tlir  s»MM>nd  level,  while  its  roof  is  on  a  level  with  tlie  roof  of  tlie  fourth 
tier.  W(»  can  easily  imagine  that  when  the  Green  Kiver  had  cut  through 
tlie  sandstcme  overlying  the  limestone  in  which  the  cave  has  been  formed. 
}in  outlet  for  water  collecting  in  the  crevices  of  the  limestone  was  found 
near  tln»  present  entranre  of  the  cave.  The  main  crevice  developed  into  a 
large  stream,  cutting  down  and  dissolving  the  rock  much  more  quickly 
than  its  smaller  tributaries.  The  tributaries  fell  into  the  main  stream  in 
little  cascades  and  their  floors,  the  present  fourth  level,  remained  per- 
manently above  the  main  cave  or  second  level.  As  Green  River  cut 
through  its  limestone  bed  a  lower  exit  was  opened  for  the  waters  of  this 
primeval  mammoth  river,  and  later  still,  a  lower.  By  the  formation  of 
the  pits  and  winding  channels  the  water  finally  permanently  abandoned 
the  ui>i)er  channels  and  is  found  now  only  in  the  lowermost  leveN.  When 
this  process  began  only  aquatic  animals  could  enter  the  cave.  Even  after 
the  cave  had  beconu*  tiuite  large  it  probably  became  full  to  the  top  during 
flcHxls.  This  is  still  the  case  in  many  caves  of  Indiana.  As  a  matter  of 
course  «»nly  a(iuatic  animals  were  able  permanently  to  establish  them- 
selves. But  whf^n  the  upper  levels  became  permanently  dry  other  animals 
couM  and  did  enter  the  cMves  ami  others  are  evidently  still  colonizing 
them. 

The  scenic  parts  which  make  the  most  lasting  impression  are  Kcho 
Biver.  the  Mammoth  I>ome  and  the  main  cave.  The  main  cave  is  simply 
a  very  large  winding  tunnel,  not  startling  in  any  way.  but  by  the  time 
one  has  Avalked  for  an  hour  <»r  two  it  begins  to  impress  one  very  forcibly. 
The  Star  Chamber  and  Martha  Washington  Statue,  in  this  part  of  the 
cave,  are  remarkable  in  their  way.  The  echo  of  Echo  Uiver  lasts  but 
twelve  or  fifteen  seconds.  It  is  remarkable  for  the  blending  of  simple 
sounds,  not  for  the  repetition  of  words  or  phrases. 
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Notes  on  Ini>i(;estiiilk  Strictures  in  Article?  of  a  Veuetaule  Dikt. 

By  John  S.  Wright. 

Many  articles  of  a  vegetable  diet,  espofially  tliose  which  are  con- 
sumed  in  a  crude  ov  raw  state,  contain  tissue  elements  which  pass  through 
the  alimentary  canal  without  h>sinp  their  identity.  Examinations  of 
focal  matter  show  that  all  of  the  tissue  elements  from  parenchyma  to 
sclerenchyma  may  under  various  conditions  pass  through  the  entire  diges- 
tive tract  almost  unaltered  so  far  ns  jreneral  character  is  concerned.  In 
some  diseases  of  children  an«l  in  disorders  of  the  diges-tive  organs  it  is 
necessary  to  make  fecal  examinations  to  oomidete  the  diagnosis.  In  sev- 
eral such  cases  which  have  come  to  my  knowledge  tlie  presence  of  these 
vegetable  cells  has  given  rise  to  considerable  speculation,  particularly 
where  the  physicians  were  not  familiar  with  plant  histology. 

In  one  case  tlie  i>resence  of  wliat  afterwards  proved  to  be  parts  of 
orange  pulp  was  very  perplexing:  in  another  the  attending  physician  was 
concerncil  over  the  repeated  occurrence  In  the  stools  of  shredded  or  fibrous 
matter.  As  tlie  patient,  a  num.  was  IxMUg  treated  f<»r  dyspepsia,  lie  was 
of  the  opinion  tliat  tliese  tibres  resulte*!  from  the  epithelial  layer  of  the 
intestines.  On  submitting  them  for  examination,  they  proved  to  consist 
wholl}'  of  tracheary  tissue,  mostly  pitted  vessels.  In  Ins  examination,  the 
physician  liad  taken  each  pit  to  represent  an  animal  cell.  On  inquiry  It 
was  learned  that  the  patient,  diu'ing  the  time  liis  feces  contained  this 
material  had  eaten  freely  of  small.  lilM'nus  sweet  [jotatoes.  which  were 
likely  the  source  of  these  pittcil  vessels.  The  above  and  other  ca.ses  have 
suggested  to  me  that  further  histtdogical  studies  of  the  common  articles 
of  our  vegetable  diet  would  prove  of  practical  valut.  from  bot!i  the  medi- 
cal and  botanical  standpoint. 


The  Action  of  MEiicrRV  and  .\MAL<iAM>  «>n  Allminum. 

By  (4ko.  W.  Benton. 


SoMK  Field  Expkriments  with  Formalin.      By  Mason  B.  Thomas. 

At  the  last  December  meeting  of  the  Academy  we  made  a  preliminary 
report  on  the  effects  of  formalin  on  germinating  seeds.  As  stated  at  that 
time,  tlie  experiments  were  conducted  in  the  greenliouse.  where  all  of  the 
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c'ODditions  vowld  be  properly  controlled  and  the  best  results  secured.  This 
work  was  intended  to  be  preparatory  to  the  field  experiments  to  be  tried 
early  in  the  following  spring. 

The  tield  '^xi)erimeuts  made  with  corn  and  oats  were  so  striliing  that 
their  results  warrant  publication  and  general  application  in  the  dealing 
with  the  smut  of  these  two  cereals.  The  laboratory  experiments  showed 
that  the  seeds  of  various  plants  would  allow  of  only  a  special  treatment 
with  a  certain  definite  strength  of  solution.  The  results  of  these  tests  gave 
us  a  basis  for  our  field  experiments  and  made  this  part  of  tlie  work  much 
easier. 

The  experiments  of  last  year  showed  that  wheat  can  safely  be  treated 
with  a  one-fourth  jer  cent,  solution  of  formalin  for  one-half  hour,  oats 
with  a  one- half  per  cent,  solution  for  three  hours  and  corn  with  a  one- 
half  per  cent,  solution  for  one  hour,  without  interfering  with  their  germi- 
nating powers. 

The  field  experiments  were  tried  with  oats  and  corn  on  the  farm  of 
Mr.  Henry  Davidson  near  Whitesville,  Ind.  The  oats  to  be  treated  were 
soaked  for  one-half  hour  in  a  one-half  per  cent,  solution  of  formalin  and 
then,  without  drying,  sowed  broadcast  and  the  field  dragged.  Untreated 
soeds  were  sowed  in  a  plat  of  ground  alongside  of  these,  and  careful  rec- 
ords made  of  the  developments.  The  seeds  in  the  two  plats  germinated  at 
the  same  time  and  showed,  so  far  as  early  appearances  were  concerned, 
no  diflVicnces  as  a  result  of  the  treatment.  The  mature  planis  of  the 
treated  seeds  were  slightly  smaller  than  those  of  the  untreated  ones,  but 
the  amount  of  grain  produced  was  the  same  in  both  cases,  except  for  tlie 
difference  occasioned  by  the  presence  of  the  smut. 

Upon  ripening,  the  plants  of  the  untreated  seeds  showed  six  per  cent, 
of  smutty  heads,  while  none  of  the  plants  of  the  treated  seeds  had  even 
a  trace  of  smut  al.>out  them,  tlius  vindicating  the  value  of  formalin  as  a 
fungicidal  agent. 

In  I  lie  experiments  tried  with  corn,  tlie  seeds  were  soaked  in  a  one  per 
cent,  sirlntion  fur  one  hour  and  then  dried  in  the  sun.  This  treatment  was 
more  sj»vere  than  that  found  advisable  in  the  laboratory  experiments.  As 
a  resnii  ilie  seeds  were  somewliat  delaye<l  in  their  germination  and  in 
sonu'  cases  the  plunnilo  was  not  visible  above  the  ground  until  two  or 
three  days  after  all  of  the  untreated  ones,  planted  in  a  corresponding  plat 
alontrsidf  of  theses  had  made  their  appearance.  This  inequality  between 
tlu'  plants  of  the  two  plats  was  not  of  long  duration  and  at  maturity  no 
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diflPerence  in  sizo  and  (level«»i»n««iit  coiiKl  be  detected  between  the  plants 
of  the  two  plats.  Of  the  plniifs  ^"  -on*  tlie  untreated  seeds  two  per  cent, 
were  attacked  by  the  smut  while  nor.e  nf  those  of  the  untreated  seeds 
showed  any  sipus  of  the  fiinjnis.  'iiipso  n'snUs  with  corn  show  the  possi- 
bilities in  this  direction.  Of  course  inirrU  )n  diiriiu  the  growth  of  the  plant 
wouhl  not  be  prevented  l)y  this  treatiijcu'.  'ili.»  treatment  is  not  diffirult. 
and  tlie  actual  expense  for  the  cost  of  material  is  not  over  six  cents 
per  acre. 

Comments  on  the  value  of  formalin  as  a  tunpirido  i»»-c  not  necessiiry  in 
view  of  the  facts  as  presented. 

Extensive  arrangements  are  being  made  for  ♦»\periuieuts  the  coming 
spring  on  ground  that  has  in  years  past  produced  rrt)ps  showing  a  loss  of 
from  forty  to  sixty  per  cent,  from  smut. 


The  Resistance  of  Cereal  Smuts  to  Formalin  and  Hot  W>th:. 

By  William  Stuart. 

In  connection  with  some  studies  on  the  comparative  merits  of  fonuMi'n 
and  hot  water  in  the  prevention  of  smut  in  wheat  and  oats,  the  sul»j< c 
of  the  resistance  of  tlie  smut  spores  when  treated  separately  was  con- 
sidered of  sufficient  importance  to  warrant  investigation.  The  smuts  of 
wheat  and  oats  were  selecte<l  from  the  fact  tliat  these  two  cereals  are  the 
only  ones  of  economic  importance  in  the  State  which  it  is  possible  to  treat 
successfully  for  smut.  While  it  is  possible  to  kill  tlie  spOres  of  corn  smut 
by  treating  the  seed,  it  aflPonls  no  guaranty  that  tlie  plants  will  be  free 
from  smut.  This  is  owing  to  the  fact  that  the  method  of  infection  by 
corn  smut  is  unlike  that  of  tlie  other  two  cereals,  inasmuch  as  the  corn 
plant  is  liable  to  infection  at  any  point  where  there  is  young,  growing 
tissue,  and  at  any  stage  of  its  development. 

In  order  to  test  the  relative  resistance  of  smut  spores  as  compared 
with  the  grain  itself,  separate  lots  of  each  were  treated  side  by  side  in 
the  same  solution.  • 

The  smut  spores  useii  were  those  of  the  loose  smut  of  wheat  and  oats. 
These  were  obtaine<l  from  a  quantity  of  smutted  heads  collected  last  sum- 
mer from  badly  infected  fields.     When  refiuired  for  use  the  smutted  por- 
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tlons  were  removed  and  passed  through  a  sieve  to  pet  rid  of  the  coarse 
particles.  The  spores  after  being  well  mixed  were  collected  in  a  box  and 
formed  ji  supply  from  which  successive  portions  were  taken  as  required 
for  treatment. 

In  treating:  the  smut  spores  and  grain,  considerable  care  was  exercised 
in  furnishing  conditions  which  would  insure  similar  treatment  for  all. 
This  was  especially  necessary,  as  in  the  case  of  the  hot  water  treatment  it 
was  found  that  in  the  high  temperature  treatments  a  difference  of  alx>ut 
live  degrees  occurred  between  the  upper  and  lower  surfaces  of  the  water  in 
a  three-gallon  bucket.  To  obviate  any  possibility  of  one  lot  receiving 
diflPerent  treatment  from  that  of  another,  especially  when  both  were 
treated  at  the  same  time,  the  following  method  was  adopted:  The  smut 
spores  were  enclosed  in  tine  muslin  sacks,  weighted  by  tying  a  few 
grains  of  shot  in  the  corner  of  them.  The  grain,  about  half  an  ounce  being 
used,  was  put  in  Umse  muslin  sacks,  similarly  weighted.  The  sacks 
were  suspended  on  a  rod,  at  a  uniform  level.  When  ready  for  treatment 
they  were  dropped  into  the  solution,  the  weights  Instantly  carrying  the 
sacks  below  the  surface,  while  the  rod  rested  across  the  top  of  the  vessel, 
thus  holding  them  in  place.  The  water  at  the  level  of  the  sacks  was  main- 
tained at  the  desired  temperature.  In  eacli  instance  the  Ave  and  ten 
minute  treatments  were  made  at  the  same  time,  the  removal  of  the  former 
being  readily  done  without  in  any  way  disturbing  the  remaining  ones. 

The  treated  spores  were  l^erminated  in  hanging  drop  cultures  in  moist 
Van  Tieghem  cells.  Control-  cultures  of  untreated  spores  were  mounted 
in  the  same  manner.  The  spores  were  germinated  in  distilled  water. 
Whenever  any  doubt  existed  in  regard  to  tlie  behavior  of  the  cultures, 
fresh  mounts  were  made.  Cultures  of  the  treated  spores  were  made  as 
soon  as  possible  after  their  removal  from  the  solution. 

The  grain  was  germinated  in  the  laboratory  in  a  Geneva  germinator. 
As  only  a  sni:ill  <iu:i!itity  (»f  seed  was  treated,  but  two  hundreil  seeds  were 
used  in  the  germination  experiments.  The  germinating  seeds  were  counted 
and  removecl  from  the  germinator  each  day  until  germination  ceased. 

The  results  of  the  work  performed  are  given  in  Tables  I.  and  II.  It 
will  be  noticed  that  these  do  not  include  anything  upon  wheat  smut.  In 
explanation  of  this,  the  writer  wishes  to  state  that,  at  the  beginning  of  the 
experiment,  the  germination  of  the  wheat  smut  spores  '^'as  very  unsatis- 
factory; fr<Hiuently  none  would  germinate  in  the  control  cultures.     As  the 
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work  progressed  the  viability  of  the  spores  decreased  until  practically 
none  grew.  Under  these  circumstances  it  was  thought  best  not  to  present 
any  of  the  data. 


TABLE  I. 


Germination  oj    Oat  Seed  and  Smut  Sporeif  After  Immersion  in   Foi-mcUin  Solution. 


Control 


One-fourth  ., 
One-fourth  . 
One-fourth  . 
One-fourth  . 
One-half  .... 
One-half... 
One-half  . . . . 


Per  Cent,  of  Formalin. 


c 


9  fc. 


**£ 


c 

9 

1-3 


15  min . . 
.%min.. 

1  hour.. 

2  hour^. 
15  min.. 
30  min . . 
1  hour.. 


9 

Urn 

a 

O  3 


"a  c  c 

S  J: « 


12 
4 
4 
4 
2 
4 


One-half 2  hours 


12 
0 
0 
0 
0 
0 
0 
0 
0 


o  ®  • 
22* 


99.5 

92 

93.5 

90.5 

95 

92.5 

91 

91 
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As  will  be  seen  by  Table  I.  but  two  strengths  of  formalin  wei-e  used, 
these  being  a  one-fourth  and  a  one-half  per  cent,  solution.  These  two 
strengths  were  chosen  because  they  were  considered  sufficiently  strong 
to  prove  effective  against  smut  when  it  was  immersed  but  a  short  time, 
and  would  therefore  more  nearly  represent  comparable  conditions  with 
hot  water  treatments.  In  these  two  solutions  the  grain  and  smut  were 
imuHTsed  for  periods  of  time  varying  from  one-quarter  to  two  hours,  the 
intervening  points  being  one-half  and  one  hour,  making  in  all  four 
treatments. 

Taking  the  shorter  treatment  by  the  weaker  solution,  it  was  found 
tliat  even  when  a  minute  (luantity  of  spores  was  treated,  if  they  were 
mounted  at  once  in  a  hanging  drop  culture,  quite  a  large  per  cent,  of  the 
si)ores  would  germinate.  If,  on  the  other  hand,  the  spores  were  allowed 
to  remain  in  the  sacks  until  dry  and  then  mounted,  no  germination  was 
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obtained.  The  same  results  were  also  obtained  in  the  half-hour  treatment, 
and  not  infrequently  an  occasional  spore  in  the  hour  treatment. 

Spores  treated  one-quarter  hour  in  the  one-half  per  cent,  solution  would 
show  slight  germination  if  cultures  were  made  as  soon  as  removed  from 
the  solution,  but  if  allowed  to  become  dry  and  then  mounted  no  spores 
germinated.  The  longer  periods  of  treatment  gave  no  germination  whether 
cultures  were  made  at  once  or  after  the  spores  were  allowed  to  be- 
come dry. 

In  the  treatment  of  smut  spores  with  formalin  it  was  found  that  if 
what  ordinarily  might  be  called  a  small  quantity  of  spores  were  taken 
very  variable  results  were  obtained.  This  seemed  to  be  due  to  the  im- 
perviousness  of  the  spores,  when  any  number  were  collected  together,  to 
the  formalin.  This  feature  did  not  appear  to  enter  into  the  hot  water 
treatment,  apparently  they  were  not  impervious  to  the  hot  water.  Prob- 
ably this  was  largely  due  to  the  somewhat  oily  properties  of  the  formalin. 

Another  nottil^le  feature  of  the  formalin  was  its  action  on  the  spores 
after  their  removal  from  the  solution,  and  which  in  the  shorter  periods 
of  treatment  resulted  in  no  germination  of  the  spores,  as  against  fair 
germination  in  those  mounted  as  soon  as  removed  from  the  solution. 

The  fonnalln  used  was  that  known  to  tlie  trade  as  'Tormaldeliyd<'. 
Merck,"  a  supposedly  genuine  forty  per  cent,  formaldehyde  solution. 

Some  indirect  references  have  been  found  in  regard  to  the  action  of 
formalin  on  smut  sjwres.  In  one  of  these  references  the  author^  found 
that  the  spores  of  species  of  Uatilago  and  Tilletia  were  killed  after  treat- 
ment for  two  hours  in  a  one-tenth  per  cent,  solution  of  formalin.  In  a 
discussion  following  the  presentation  of  the  paper,  Krtiger  stated  that 
MlM>res  of  istihiijo  varho  were  not  kilknl  by  immersion  for  twenty-four 
hours  in  a  .05  per  cent,  formalin  solution. 

E.  A.  de  Solnveinitz^'  says  that  a  formalin  solution  of  l:in,(KX)  lias  been 
recommended  for  destroying  the  spores  of  smut 

The  effect  of  formalin  upon  germination  of  the  seed  was  not  very  well 
uiarktMl.  A  slight  injury  was  noticeable,  but  the  i)ercentage  of  germina- 
tion was  good. 


'Geuther:  Ber.  Pharm.iiesell.,  5:  325-330,  ISX^;  Abs.  in  Chein.  Centr.  Bl.,  1896;  Abs. 
in  Jahresb.  Agr.  Chcm.,  19:  418;  Abs.  in  Bull.  Ind.  Afrr.  Sta.,  05:  34;  Abs.  in  Exp.  Sta. 
Record,  9:  5^9. 

» Yearbook  Dept.  Agr.,  259, 1896. 
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TABLE  II. 


Oerminatwn  of  Oat  Seed  and  Smut  Sporetf  After  Immersion  in  Hot  Water, 


Temperature  of  Water. 

* 

• 
■0 

C 

o 

Number  of 
Spore  Cultures. 

Number  of  Cul- 
tures Showing 
Germination. 

1 

Per  Cent,  of 
Grain  Ger- 
mination. 

Control 

14 

2 
2 

2 
2 

1 

1 

2 

2 

o 

2 

3' 

0 

0 

0 
0 

0 
0 
0 
0 
0 

99i> 

110-  F 

5  min.... 
10  min 

5  min 

10  min 

5min.... 
10  min.... 

5  min 

10  min 

5  min 

10  min 

5  min 

10  min..  . 

5  min  . 
10  min 

110    F 

115-  F 

115    F 

120    F. 

120    F 

V2,y  F 

93  J> 

125    F 

945 

130    F 

90.5 

130    F 

135-  F 

88 
95 

135^  F 

93 

140    F 

53 

140^  F ! 

42J5 

In  Table  II.  is  pivsentod  the  result  of  tlie  hot  water  treatmeDt.  the 
ranjce  of  temperature  beinpf  from  110**— 140°  F.  The  lowest  point  of  eflfeo- 
tiveness  was  found  to  be  120**  F.  for  ten  minutes.  This  is  a  point  at  least 
ten  dejrrees  below  the  effective  i)olnt  of  treatment  of  the  prain  for  the 
IM-evention  of  smut'.  The  jrrain  itself  showed  little  injury  from  treat- 
m(»nt  at  an  increased  temperature  of  fifteen  degrees  over  the  effective  point 
fnr  smut.  The  inference  to  be  deduoe<l  from  this  fact  is  that  in  the  hot 
water  treatment  there  is  quite  a  marked  range  in  temperature  between 
the  limit  of  spore  resistance  and  tliat  of  the  resistance  of  the  grain,  nie 
effectiveness  of  the  treatment  between  these  two  limits  would  seem  to  de- 
IK'ud  wliolly  upon  the  ability  of  the  oiKU'ator  to  lu'ing  ea<h  seed  in  eont.aot 


^  Arthur,  Ind.  Aj?r.  Exp.  Bull.,  35:  86, 1891. 
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witli  the  hot  water  a  siiffleient  length  of  time  to  reach  all  the  smut  si>ore8. 

Of  formalin  it  may  be  said  that,  although  it  is  a  comparatively  new 
fungicidal  and  germicidal  agent,  it  has  nevertheless  been  employed  to 
quite  an  extent  in  the  prevention  of  parasitic  diseases.  So  far  as  known 
it  was  first  employed  in  this  State  by  the  botanical  department  of  the 
Agricultural  Experiment  Station  at  Purdue  during  the  winter  of  1895-*96 
in  the  treatment  of  scabby  potatb  tubers  for  tlie  prevention  of  the  scab*. 
The  treated  tubers  were  grown  in  the  greenhouse,  and  the  resultant 
crop  gave  such  satisfactory  results  that  more  extensive  trials  were  made 
in  the  open  field  during  the  season  of  1896.  The  results  of  these  trials 
have  been  reported  in  the  bulletin  already  cited. 

Two  (»xponmcnt  station  bulletins  are  known  to  have  been  issue<l  con- 
taining reports  of  trials  with  formalin  for  the  prevention  of  wheat  and 
oat  smut.  The  first  of  these'  reports  the  use  of  formalin  in  the  treatment 
of  wheat  and  oats.  The  author  found  a  solution  of  one  pound  to  fifty 
gallons  to  be  effective  when  the  seed  was  given  a  two-hour  treatment. 
The  other  bulletin*  referred  to  contains  an  account  of  the  use  of  form- 
alin for  the  prevention  of  smut  in  oats.  It  was  found  that  smut  spores 
were  destroyed  by  immersing  the  seed  two  hours  in  a  0.2  per  cent,  solution. 

In  an  experiment  perform^  last  summer  by  the  Botanical  Depart- 
ment of  Purdue  T^niversity  and  not  yet  reported,  it  was  found  that  oats 
immersed  ten  minutes  in  a  solution  containing  one  pound  of  formalin  to 
fifty  gallons  of  water,  only  eight-tenth  per  cent,  of  smutted  plants  were 
produced  as  against  over  twelve  per  cent  in  the  unti'CJited  ones. 

A  recent  newspaper  article^  contains  a  brief  notice  of  some  experi- 
ments with  formalin  by  Prof.  Thomas  of  Wabash  College,  in  which  he 
found  that  oats  treated  half  an  hour  in  a  one-half  per  cent  solution  pro- 
duced plants  entirely  free  from  smut  as  against  about  six  per  cent.  In  the 
untreated  ones. 

A  few  references  have  been  found  on  the  influence  of  formalin  on  the 
germination  of  the  set^il.  (ieuther*  found  that  soaking  the  seed  grain  two 
hours  in  a  0.1  per  cent,  solution  did  not  injure  its  germination.     In  a 


*  Arthur,  Ind.  Agrr.  Exp.  Sta.  Bull.,  «5:  23, 1897. 
■  Boiloy,  North  Dakota  Exp.  Sta.  Bull.,  27  :  1897. 
•Close,  N.  Y.  Agr.  Sta.  Bull.,  131 :  1897. 
'  Indianapolis  News,  Dec.  9, 18<.>8. 
"/.c,  325 -330. 
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one-fourth  per  cent,  solution  for  the  same  length  of  time  the  seed  was 
seriously  affected. 

Bolh\v*  rt»ix)rts  the  effects  of  formalin  on  oats.  l)arloy  and  wheat. 
Seed  of  oats  and  barley  immersed  half  an  hour  in  a  solution  containing 
three  parts  formalin  to  one  thousand  parts  of  water  gave  normal  germin- 
ation nine  days  and  nine  months  after  treatment.  Wheat  immersed  ten 
minutes  in  a  two  per  cent,  solution  gave  eighty-two  per  cent,  germination. 

Thomas*®  finds  a  one-half  per  cent,  solution  for  oats  and  a  treatment 
of  about  two  hours  produces  no  injury  to  the  seed. 

For  wheat  a  one-fourth  to  one-half  per  cent,  solution  and  an  immersion 
of  one-half  hour  is  recommended.  Rye  was  injured  in  a  one-fourth  per 
cent,  solution  when  immersed  but  an  hour. 


SUMMARY. 

A  brief  resumt^  of  the  data  presente<l  shows  tliat  the  results  obtained 
in  the  treatment  of  the  spores  are  well  within  the  bounds  of  successful 
practice. 

The  spores  are  much  more  easily  injured  either  with  hot  water  or 
formalin  tlian  is  the  grain. 

It  is  apparent  that  the  essential  feature  in  the  successful  treatment 
of  grain  for  smut  is  to  bring  each  seed  in  contact  with  the  solution  used 
a  sufficient  length  of  time  to  enable  it  to  reach  the  smut  spores. 

Th<'  advantage  posst'sseil  by  formalin  over  hot  water  in  the  treatment 
of  seed  grain  lies  in  the  greater  ease  of  its  application,  doing  away  with 
the  necessity  of  heating  water  and  maintaining  a  reasonably  uniform 
temperature  during  the  period  of  treatment 


Lake  Ma.vinkuckek.     By  J.  T.  Scovell. 

During  the  summer  of  1898  I  traced  out  the  sandbars  in  the  southern 
portion  of  the  lake.  In  doing  this  work  I  made  about  100  soundings.  In 
all  we  now  have  about  900  recorded  soimdings  of  the  lake.    The  contour 


V.  c,  130-132. 

'"Thomag,  Proc.  Ind.  Acad.  Sc,  148, 1897. 
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Hues  drawn  from  these  soundings  give  a  fairly  correct  idea  of  the  topog- 
raphy of  the  lake  bed. 

Almost  every  sounding  in  five  feet  of  water  showed  a  bottom  of  hard 
sand  or  gravel,  while  almost  every  sounding  in  water  ten  feet  deep  indi- 
cated a  bottom  of  fine  mud,  usually  marl,  from  eight  to  twenty  feet  or 
more  deep.  In  water  more  than  thirty  feet  deep  the  mud  is  finer  and 
darker,  but  I  could  get  no  idea  of  its  depth.  The  hard  bottom  is  much 
wider  on  Uie  east  side  of  the  lake.  It  may  be  that  the  westerly  winds 
ixivt"  rist»  to  an  unden'urreut  whicli  sw(.Hq)s  the  finer,  material  into  the 
deeper  water.  But  the  same  phenomenon  occurs  on  the  bars  in  the  central 
portions  of  the  lake  where  the  wind  would  hardly  cause  currents.  A  few 
observations  (►f  the  temperature  of  the  water  in  the  lake  at  different  times 
of  the  day  showed  considerable  variation  and  might  cause  currents.  July 
28th,  at  7  a.  m..  the  temperature  in  water  about  eighteen  inches  deep  was 
78  degrees  Fahr.,  at  2  p.  m.  it  was  84  degrees  and  at  8  p.  m.  82  degrees; 
July  29th.  at  7  a.  m.,  77  degrees,  at  2  p.  m.,  87  degrees,  at  8  p.  m.,  80  de- 
grees: July  .'5t)th,  at  7  a.  m.,  it  was  74  degrees,  at  2  p.  m.,  82  degrees,  at  8 
p.  m.,  78  degrtH?s;  July  'Mat,  at  7  a.  m.,  75  degrees,  at  2  p.  m.,  84  degrees, 
at  8  p.  m..  80  degrees;  August  Ist,  at  7  a.  m.,  76  degrees,  at  2  p.  m.,  82  de- 
gret»s,  at  8  p.  m.,  79  degrees;  August  5th,  at  7  a.  m.,  79  degrees,  at  2  p.  m., 
82  degrees,  at  8  p.  m..  80  degrees;  August  6th,  at  7  a.  m.,  75  degrees,  at  2 
p.  m.,  80  degrees,  at  8  p.  m.,  78  degrees.  Whether  changes  of  temperature 
ranging  from  five  to  ton  degrees  within  twenty-four  hours  would  cause  cur- 
rents strong  enough  to  move  fine  sediment  I  cannot  tell,  but  the  idea  is 
suggestive,  and  investigation  along  this  line  may  show  interesting  results. 

The  lake  shows  considerable  variations  in  level.  Elevations  taken  by 
the  Vandalia  people  at  different  dates  in  1895,  1896,  1897  and  1898  show 
a  variation  from  IXlli  to  7^5.17  feet,  about  1.87  fiK^t.  In  August.  1896. 
I  saw  a  rise  of  six  inches  as  the  result  of  two  days'  rain. 

I  added  over  100  species  to  my  list  of  plants  and  trees  found  about  the 
lake,  extending  it  to  about  290  species.  We  have  a  list  of  thirty-one 
speries  of  lish  found  in  the  lake.  Six  species  of  bivalve  mollusks  and  three 
or  four  species  of  univalves  have  been  identified,  and  I  think  five  species 
of  turtles  are  found  about  the  lake. 
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An  Elevated   Bea(^h  and  Recent  Ck>ASTAL  Plain  Near    Portland,   Mk. 

Notes  of  an  Excursion  with  a  Partv'  Under  Conduct  of  Prof. 

Wm.  M.  Davis,  July,  1898.     By  Wm.  A.  McBeth. 

[Abstract.] 

Evidence  pointing  to  the  existence  of  sucli  beach  and  recent  plain  in 
southern  Maine  as  observed  in  the  region  of  Portland  are  a  belt  of  sand 
and  gravel  deposits  closely  following  the  three-hundred-foot  contour  line 
around  an  arm  of  the  Casco  Bay  depression.  The  belt  is  quite  continuous 
through  the  distance  traced  and  apparently  much  further,  and  It  sl<^>e8 
gently  down  toward  the  inclosed  valley.  Exposures  along  streams  and  in 
gravelpits.  w-ells,  etc.,  show  depth  and  character  of  deposits.  What  are  ap- 
parently sandpits  moilify  the  course  of  some  of  the  streams  crossing  the 
dei>osits.  Several  drumlins  stand  on  tlie  upper  border  of  the  belt  with  bluff 
frontages  upon  it  which  resemble  the  wave-cut  drumlins  in  Boston  Har- 
bor. Undercut  cliffs  of  rock  also  front  upon  it  with  heavy  water-worn 
talus  fragments  at  their  base.  The  country  falls  off  abruptly  In  places 
from  the  lower  edge  of  the  belt  to  the  basin  below.  The  floor  of  this  de- 
pression is  covered  with  a  light  gray  marine  clay,  the  drainage  channels 
of  which  are  narrow  and  steep-sided,  showing  recent  origin. 

The  deposits  of  sand  and  gravel  are  thought  to  be  a  beach  line  ele- 
vated about  800  feet  above  the  sea.  Postglacial  age  is  indicated  by  the 
wave-cut  drumlins  and  undisturbed  conditions  of  deposits.  The  much 
later  age  of  the  lower  plain  Is  indicated  by  the  immature  drainage  lines 
and  slight  wontluMing.  The  order  of  movements  evidently  has  been  sink- 
ing of  the  region,  deposition  of  clays  in  basin  and  formation  of  beach, 
elevation  of  from  three  hundred  to  four  hundred  feet,  redrowning  of  the 
lower  levels  of  tlie  basin. 


Wasted  Energy.     By  Prof.  J.  L.  Campbell. 


A  Vesuvian  Cycle.     By  C.  A.  Waldo. 

Ordinarily  Vesuvius  is  in  a  state  of  mild  activity.  A  single  visit,  how- 
ever^ does  not  show  the  periodical  aspects  of  its  manifestations.  It  was 
the  fortune  of  the  author  of  this  note  to  visit  Naples  in  the  summers  of 
181K),  1S91,  18m  and  1890,  and  on  each  of  these  occasions  to  make  the 
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ascent  of  the  volcano.  The  cinder  cone  has  a  diameter  at  Its  base  of  about 
one  and  one-half  miles.  It  rests  on  a  gently  sloping  hill,  while  its  own 
angle  of  elevation  is  about  30**.  This  cone  or  new  mountain  is  about  1,200 
ft»ot  high  and  terniinates  in  a  comimratively  level  top,  varying  in  diameter 
from  500  to  1,000  feet,  and  now  about  4,200  feet  above  sea  level. 

In  1890  as  we  approached  the  summit  we  felt  that  it  was  shaken  at 
intervals  of  about  thirty  seconds.  Soon  we  noticed  that  the  tremors  were 
accompanied  by  a  peculiar  sighing  and  explosive  sound.  At  the  summit 
a  cone  of  freshly-ejected  material  had  been  formed,  forty  or  fifty  feet 
high  and  150  to  200  feet  in  diameter  at  the  base.  At  each  explosion  a 
fountain  of  semi-fluid  lava  was  projected  to  the  height  of  100  feet  above 
the  top  of  the  crater.  Most  of  this  material  rained  back  into  the  crater's 
mouth,  into  which  we  could  not  look,  but  much  of  it  fell  in  fragments  on 
the  outside. 

In  1891  the  top  of  the  cinder  cone  had  undergone  a  complete  change. 
The  small  cone  surrounding  the  crater  had  entirely  disappeared.  In  its 
place  was  a  cavity  200  feet  across  and  of  unknown  depth.  The  mouth 
of  this  cavity  was  tilled  with  vapors  and  dark  sulphurous  gases  which 
completely  hid  the  boiling  lava  far  below,  and  which,  streaming  into  the 
air,  gave  to  tlie  mountain  the  appearance  of  smoking.  But  standing  on 
the  edge  of  the  chasm  a  continual  din  deafened-  us  and  an  occasional 
heavier  explosion  smote  our  ears. 

In  the  Atrio  del  Cavallo,  a  deep  valley  to  the  north.  l>etween  Monte 
Somma  and  the  cinder  cone,  we  could  see  the  glow  of  fresh  lava  as  it 
flowed  from  the  mountain's  side.  During  the  previous  year  the  hydro- 
static pressure  of  the  molten,  liquid  mass  rising  so  high  in  tlie  crater  liad 
f(>ree<l  an  exit  through  the  base  of  the  cinder  cone. 

In  1894  lava  no  longer  issued  from  the  recent  vent  towards  Monte 
Somma.  During  the  intervening  perio<l,  after  the  great  pressure  of  1890 
had  been  removed,  it  had  flowed  more  and  more  slowly  until  it  began  to 
clog  the  opening  and  finally  sealed  it  completely.  This  vent,  which  in 
189<>  was  in  tlie  direction  of  least  resistance,  must  now  be  one  of  the 
strongest  parts  of  the  mountain.  Tluis  one  by  one  the  weaknesses  of  the 
cinder  cone  are  patched  up  until  the  conditions  of  strength  are  prepared 
which  will  compel  the  lava  to  flow  out  of  the  very  top.  Soon  thereafter 
will  follow  a  great  eruption.  Just  as  in  1891.  there  was  in  1894,  an  open 
central  crater,  but  by  its  continual  **working"  the  mountain  had  filled 
up  the  bottom  of  the  cavity,  and  the  surface  of  the  molten  lava  lia<l  risen 


to  a  point  about  150  feet  below  the  edge  of  the  crater.  We  now  saw 
repeated  the  conditions  of  1890  with  this  exception,  that  the  building-up 
process  had  not  reached  the  summit.  From  a  secure  position  we  could 
look  down  upon  the  molten  lava  and  observe  all  the  phenomena  of  the 
immature  eruptions. 

In  1890  the  rising  column  of  lava  had  once  more  force<l  a  way  for 
itself  through  the  mountain's  base.  Again  the  crater  was  a  dark,  roaring 
cavern.  But  this  time  the  vent  was  in  the  direction  of  the  observatory 
to  the  west  of  the  summit  The  liquid  lava  had  covered  many  acres,  de- 
stroying a  part  of  Cook's  carriage  road,  and  piling  up  a  new  hill  a  hundred 
feet  high.  A  few  inches  beneath  the  surface  this  hill  was  still  red  hot, 
while  from  its  summit  two  or  three  streams  of  live  lava  flowed  sluggishly 
down  its  side. 

In  about  five  years  Vesuvius  had  passed  through  one  constructive 
cycle.  These  must  succeed  each  other  until  the  walls  of  the  crater  have 
sufficient  resistance  to  allow  the  accumulation  of  an  explosive  energy. 
Then  comes  the  short  destructive  period  during  which  the  retaining  walls 
are  seamed  and  shattered.  In  general  the  number  of  elementary  cycles 
between  great  paroxysms  will  be  in  direct  proportion  to  the  work  of  res- 
toration necessary,  and  this  in  turn  will  depend  directly  on  the  violence 
of  the  eruption  imniediiitely  preceding. 


X-Kay  Transparency.     By  Arthi:r  L.  Foley. 

[AiiStract.] 

Many  experiments  have  been  made  to  determine,  and  many  tables 
given  to  show,  the  relative  transparency  of  bodies  to  the  X  Rays.  No 
two  have  been  in  agreement.  The  varied  results  cannot  be  attributed  to 
uncertain  nietlKxls  or  experimental  errors,  or,  indeed,  to  the  size,  shape 
and  general  construction  of  the  different  tubes  used.  The  degree  of  the 
vacuum  seems  to  be  the  chief  factor. 

Two  of  the  tubes  used  in  this  investigation  were  of  the  usual  type— 
non-adjustable  vacuum.  At  first  they  increased  in  efficiency,  then  de- 
creased, and  finally  almost  entirely  lost  their  power  of  affecting  a  fluoro- 
scope  or  photographic  plate.    At  first  the  rays  possessed  little  penetrating 
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power;  that  Is,  bodies  were  rather,  opaqne.  But  as  the  vacuum  became 
higher  the  penetrating  power  of  the  rays  became  greater,  especially  for 
dense  bodies. 

The  third  tube  used  was  one  of  Queen's  adjustable  vacuum  tubes.  To 
obtain  what  is  here  called  a  low  vacuum,  the  auxiliary  spark  gap  was 
closed  or  short-circuited.  To  obtain  a  high  vacuum  the  gap  was  made 
as  long  as  possible.  A  photograph  of  the  hand  with  a  low  vacuum  showed 
flesh  and  bones  almost  equally  opaque,  while  with  a  high  vacuum  the 
flesh  was  almost  transparent.  A  photograph  of  a  piece  of  glass,  alum- 
inum, steel,  carbon,  rubber  and  cork  showed  that  the  glass,  aluminum 
and  steel  were  more  transparent  to  the  high  than  to  the  low  vacuum 
rays.  The  reverse  was  true  of  carbon  and  cork.  No  difference  was  noted 
with  the  rubber. 

Soon  after  the  X  rays  were  discovered  Edison  announced  that  what 
are  known  as  slow  plates  are  the  fastest  for  X  rays.  Here  again  the 
degree  of  the  vacuum  must  be  taken  into  consideration.  For  high- vacuum 
rays  fast  plates  are  most  rapid.  , 

The  fluoroscopic  action  of  the  rays  also  changes  with  the  vacuum,  a 
rather  low  vacuum  giving  the  best  results. 

Whatever  be  the  nature  of  the  X  rays  it  is  certain  that  they  possess 
properties  analagous  in  some  respects  to  pitch  and  color. 


The  Trouble  with  Indiana  Roads     By  Daniel  B.  Luten. 

A  good  road  is  defined  as  a  road  that  is  hard,  smooth  and  serviceable 
at  all  seasons  of  the  year. 

The  State  of  Indiana  has  60,000  miles  of  wagon  roads,  of  which  about 
8,000  miles  have  been  improved  by  graveling  or  "piking,"  and  now  con- 
stitute our  free  gravel  road  system,  maintained  and  repaired  by  the  coun- 
ties. The  remaining  52,000  miles  are  nearly  all  dirt  roads,  and  are  main- 
tained  and  repaired  by  the  townships. 

If  we  are  to  judge  of  Indiana  roads  by  the  above  definition  of  good 
roads,  we  must  admit  that  less  than  one  per  cent,  of  our  60,000  miles  of 
roads  are  good  roads.  I  do  not  mean  that  the  remaining  ninety-nine 
per  cent,  are  always  bad;  but  I  do  mean  that  for  five  or  six  months  of 
every  year  they  are  bad,  some  of  them  extremely  bad,  and  that  at  such 
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times  they  are  passable  for  none  but  lightly-loaded  and  slow-moving  ve- 
hicles. From  tJie  middle  of  May  until  the  middle  of  July  the  roads  are  in 
excellent  condition.  A  dirt  road  during  these  months  is  a  splendid  road; 
a  gravel  road  is  equally  good.  From  the  middle  of  July  until  the  middle 
of  October  they  are  covered  with  dust,  sometimes  two  or  three  inches 
in  depth.  Then  come  the  fall  rains,  and  the  dusty  roads  absorb  water  like 
n  siM)njre  preparatory  to  r>ecember  frosts.  Then  follow  three  months  of 
good  roads  with  frozen  surface  over  the  imprisoned  water  that  is  well 
content  to  wait,  knowing  that  in  March  it  will  have  ample  opportunity 
to  make  trouble.  And  with  the  first  of  March  the  roads  begin  to  thaw 
and  break  up,  to  be  followed  by  two  months  of  bad  roads. 

Of  the  60,000  miles  of  roads  in  Indiana,  52,000  are  unrideable  for 
bicycles  at  nearly  all  seasons  of  the  year,  and  the  remaining  8,000  are 
rideable  only  during  about  four  or  five  months  in  the  early  summer  and 
late  in  the  fall  or  winter. 

There  are  seven  good  reasons  why  our  roads  are  bad: 

1.  Because  of  lack  of  drainage,  more  especially  of  the  surface  water; 
failure  to  remove  the  surface  water  to  the  side  ditches  promptly  permits 
it  to  saturate  and  soften  even  the  hardest  of  road  materials.  The  road 
surface  should  at  all  times  be  kept  shaped  like  a  roof  to  shed  water,  and 
to  this  end  it  is  necessary  always  to  keep  ruts  and  chuckholes  filled,  and 
the  surface  smoothly  and  uniformly  crowned.  The  first  step  in  the  main- 
taining of  a  road  in  good  condition  is  to  eradicate  the  ruts.  And  any  plan 
or  device  that  will  prevent  the  forming  of  ruts  will  aid  in  providing  good 
roads.  Wide  tires  help  to  attain  this  end:  a  more  clever  device  is  the  long 
doubletree,  with  the  whiflietrees  so  attachtni  that  each  horse  must  travel 
directly  in  the  wheel  track.  The  horses  refuse  to  travel  in  the  rut,  and 
choosing  the  smoothest  path,  the  wheels  are  drawn  out  of  the  rut,  thus 
helping  to  roll  it  down  instead  of  cutting  it  deeper. 

2.  Another  reason  why  our  roads  are  bad  is  because  repairs  are  too 
long  delay e<l.  On  road  surfaces,  more  perhaps  than  upon  any  other  kind 
of  engineering  structures,  the  repairs  should  be  made  promptly;  an  ounce 
of  prevention  is  worth  many  pounds  of  cure. 

3.  A  third  reason  for  bad  roads  is  because  too  much  of  the  work  on 
repairs  is  done  at  one  time,  on  the  principle,  doubtless,  that  if  a  small 
dose  is  gooil,  a  large  dose  will  be  better. 

Our  gravel  roads  suffer  most  from  this  method  of  repairs.  Late  in  the 
fall  they  are  heaped  ten  or  twelve  inches  deep  with  gravel  and  then  al- 


lowed  to  take  care  o(  themselves  for  another  year,  when  they  are  given 
another  dose,  after  which  they  are  called  **improved"  roads! 

The  gravel  is  dropped  in  a  heap  in  the  middle  of  the  road,  usually  with 
no  attempt  to  spread  it  uniformly.  And  that  is  the  fourth  reason  for  our 
bad  roads. 

4.  Too  much  material  and  too  little  labor.  One- fifth  as  much  new  ma- 
terial would  usually  be  sufficient  and  the  labor  wasted  In  hauling  the 
otlier  four-fifths  should  be  used  in  filling  ruts  and  chuckholes  instead. 

5.  Another  reason  is  that  the  repairs  are  made  at  the  wrong  season 
of  the  year.  Gravel  roads  are  frequently  repaired  in  the  fall;  then  the 
heavy  rains  turn  the  new  gravel  into  mush  that  freezes  into  a  good  road 
for  the  winter  months,  but  breaks  up  into  soft  mud  with  the  fl^rst  thaw 
of  spring. 

Tlie  proiM^r  season  for  road  repairs  is  all  the  time.  Tliey  should  be 
watchtHl  and  ni)aired  every  day  of  the  year. 

6.  Reason  No.  6  is  the  use  of  improper  road  material.  Broken  stone 
applied  to  road  surfaces  should  never  be  in  sizes  greater  than  one  and 
one-half  inches  in  diameter,  and  should  contain  at  least  twenty-five  per 
cent,  of  stone  screenings  less  than  one-fourth  inch  in  diameter.  Gravel 
should  be  such  that  all  of  it  ^vill  pass  a  one-inch  sieve  and  twenty-five 
per  cent,  will  pass  a  one-fourth  inch  sieve.  Good  road  gravel  contains 
no  ro(  ks  birger  tlvan  huUtnl  walnuts;  nor  should  there  be  more  than  five 
per  cent,  of  clay  present. 

7.  Another  reason  for  bad  roads  is  poor  lo<'ation:  the  policy  of  running 
roads  on  secttion  lines  is  unwise,  especially  in  hilly  country.  They  ought 
to  wind  through  the  valleys  and  around  the  hills  instead  of  over  them.  A 
proper  location  for  a  road  is  always  a  compromise  between  grades  and 
distance.  In  hilly  country  the  winding  road  will  be  an  easier  road  for 
tratti<'.  will  be  more  picturesque  and  will  frequently  be  shorter  than  the 
stK'tion-line  mad. 

Having  pointed  out  the  reasons  for  bad  roads,  the  next  question  is  to 
find  the  renunly.  I  shall  not  propose  better  methods  of  construction;  even 
macadam  roads  costing  say  three  thousand  dollars  per  mile  would  give 
us  better  s(»rvice  for  but  one  or  two  years  and  then  would  become  as 
l)ad  as  the  rest  if  not  properly  maintained.  There  is  only  one  kind  of  ro«id 
that  can  1m»  depended  upon  to  remain  in  as  good  condition  as  when  first 
<*onstructed.  and  that  is  the  corduroy  road  of  olden  times.  Ami  may 
Providence  <leliver  us  from  that. 
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There  is  no  such  thing  as  a  permanent  road.  Xhey  all  require  con- 
stant care  and  repairs.  And  the  more  perfect  the  road  surface  the  greater 
will  be  the  care  and  attention  required  to  keep  it  smooth.  It  costs  more 
to  properly  maintain  a  stone  road  than  a  gravel  road.  But  a  good  stone 
road  is  a  better  road  than  a  good  gravel  road. 

Some  theorists  tell  us  that  if  we  could  have  all  the  money  that  has 
been  expended  upon  our  bad  roads  we  could  pave  them  with  gold.  Our 
State  lias  expended  ^70,000,000  in  road  repairs  in  the  past  forty  years. 
We  are  told  that  if  this  sum  had  been  expended  in  building  permanent 
roads  we  would  now  have  a  complete  system  of  good  roads.  They  forget 
that  good  roads  cost  as  much  for  maintenance  as  poorer  roads;  they  for- 
get that  if  we  had  expended  ^70,000,000  in  building  good  roads  In  1860, 
we  would  still  have  had  to  expend  another  ^70,000,000  or  more  to  keep 
them  in  good  condition  to  the  present  time. 

Or  if,  on  tlie  other  hand,  we  had  saved  tliat  $70,000,000  of  repairs  to 
now  expend  in  building  good  roads  we  should  for  that  forty  years  have 
had  to  get  along  with  roads  that  would  have  been  ten  times  worse  than 
the  ones  we  have  had.  For  there  is  no  denying  that  the  expenditures 
that  have  l>oen  made  upon  our  roads  for  repairs,  althougli  very  wasteful 
and  not  a  complete  success,  liave  been  nevertheless  of  great  benefit. 

To  go  back  to  our  search  for  a  remedy,  permit  me  to  repeat  the  reasons 
for  bad  roads  in  Indiana: 

1.  Bad  drainage. 

2.  Repairs  delayed. 

3.  Too  much  repairing  at  one  time. 

4.  Too  much  material,  not  sufficient  labor. 

5.  Repairs  at  wrong,  season. 
G.  Improper  material. 

7.    Poor  location. 

1.  To  secure  proper  dniinage  of  surface  water  requires  constant  atten- 
tion. All  that  is  necessary  is  to  keep  the  road  crowned,  but  it  must  be 
watched  and  cared  for  at  all  times  and  especially  in  wet  weather.  There 
must  be  some  one  whose  duty  it  is  to  keep  the  ruts  and  chuckholes  filled 
and  the  ditches  clear. 

2.  Repairs  need  not  be  delayed  if  some  one  is  employed  whot^e  duty  It 
Is  to  attend  to  them  promptly,  provided  there  be  a  superintendent  to  see 
that  he  does  his  duty. 
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3.  Repairs  would  not  all  be  made  at  one  time  if  a  single  attendant 
were  employed  for  a  long  time  instead  of  the  pi'esent  method  of  many 
men  for  a  few  days. 

4.  Too  much  material  is  used  and  too  little  labor,  because  material  is 
usually  cheap  and  labor  is  expensive,  and  because  it  is  easier  to  tell  a  man 
how  to  haul  a  load  of  gravel  than  to  tell  him  how  to  make  tools  for  filling 
the  ruts. 

5.  Place  a  man  in  charge  of  the  road  who  has  to  attend  to  it  con- 
stiuitly  and  he  will  soon  learn  that  it  is  easier  to  keep  it  in  good  condition 
by  scraping  the  rut«  than  by  drawing  on  four  times  as  much  gravel  as  is 
essential. 

H.  Improper  material  is  used  because  the  men  employeil  on  repairs 
have  neitlier  the  time  nor  the  incentive  to  learn  the  qualities  of  road  ma- 
terials. This  requires  a  certain  amount  of  expert  knowledge  that  can 
easily  be  gained  by  experience. 

7.  To  remedy  poor  location  requires  only  that  a  man  should  be  able  to 
see  that  it  is  easier  to  draw  a  load  around  a  hill  than  over  it.  Teach  the 
road  attendant  to  ride  a  wheel  and  he  will  soon  appreciate  the  difficulty 
of  steep  grades. 

In  short  the  reason  our  roads  are  bad  is  because  nolK)dy  makes  it  a 
business  to  attend  to  them.  And  the  remedy  is  a  system  of  maintenance 
which  shall  make  it  somebody's  business  to  keep  them  in  good  repair. 
Dirt  roads  should  be  in  good  condition  for  at  least  nine  months  of  the 
year,  and  gravel  roads  ought  to  be  good  at  all  times. 

By  our  present  Indiana  laws  we  have  abundant  provisions  for  super- 
intendence, not  perhaps  of  the  most  expert  kind,  but  engineering  skill  is 
not  necessary.  What  is  more  essential  in  a  road  superintendent  is  that 
he  should  have  the  power  to  discharge  an  attendant  for  lack  of  attention 
to  duty,  and  that  he  should  be  able  to  tell  when  a  road  is  not  in  good  con- 
dition. As  a  matter  of  fact  the  average  engineer  is  too  apt  to  go  to  the 
other  extrenn*  :ind  to  attempt  to  coustru<t  permanent  roads  at  great  <•  :- 
pense  when  our  system  of  maintenance  by  no  means  warrants  it,  which 
would  be  as  reckless  as  to  invest  in  an  expensive  building  and  then  fail 
to  insure  it  against  fire.  Our  roads  should  be  divided  into  sections  of 
not  more  than  twenty  miles  in  length;  for  each  section  a  man  and  team 
should  be  employed,  all  of  whose  attention  is  to  be  devoted  to  the  care 
of  that  roa<l  from  the  first  day  of  March  until  the  first  day  of  Decembel'. 
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He  should  be  employed  by  the  day  so  that  he  may  be  liable  to  dischai]ge 
at  any  time  for  neglect  of  duty.  He  should  be  selected  by  competitive  bids 
for  day  labor  of  eight  hours  per  day. 

Man  and  team  could  be  secured  for  nine  months'  service  at  the  rate 
of  $1.50  or  less  per  day.  The  rate  at  present  paid  by  our  county  commis- 
sioners for  man  and  team  is  )p2.50,  because  they  are  employed  for  but  a 
few  days  at  a  time.  And  for  this  JP2.50  a  man  is  secured  who  takes  no 
interest  in  the  road  and  who  piles  on  the  material  because  it  is  easier  to 
draw  gravel  than  to  spread  it,  and  because  it  makes  his  jol)  last  longer. 

To  secure  the  adoption  of  such  a  system  for  our  gravvl  roads  requires 
only  that  county  commissioners  should  be  convinced  that  it  is  more  de- 
.sirable  as  well  as  more  e^'onomical  than  present  nietho<ls.  They  have 
full  powers  to  act. 

For  our  township  roads  it  n^quires  that  all  road  taxes  should  be  paid 
in  money  instead  of  in  day  labor  as  at  present.  The  day-labor  system 
produces  the  same  kind '  of  results  that  would  he  secured  by  a  school 
system  if  the  citizens  assesse<l  wore  permitted  to  work  out  their  school 
taxes  by  taking  turns  in  teaching  tlie  public  school.  When  road  taxes  are 
paid  in  money,  the  division  of  township  roads  into  sections,  and  the  em- 
ploy nu»nt  of  attendants,  will  solve  the  roaa  problem. 

This  method  of  maintenance  by  an  attendant  who  devotes  all -of  his 
time  to  the  road,  is  in  use  in  isolated  cases  in  the  United  States,  principally 
in  New  York  State.  In  European  countries  it  is  acknowledged  to  be  the 
only  satisfactory  method  of  maintenance,  and  it  is  the  basis  of  the  superb 
system  of  highways  enjoyed  by  Prance  and  Germany. 


Some  Tests  on  Ball  BEUitNCis.     By  M.  J.  Golden. 

These  tests  were  made  to  determine  the  amount  of  power  absorl)ed 
by  ball  bearings  of  the  form  used  in  supporting  shafting  and  spindles,^ 
when  tlic  load  is  light.  The  bearing,  in  tliis  set,  was  loadeil  with 
weiglits  that  varied  from  ten  pounds  (the  weight  of  the  parts)  to  three 
hundred  pounds,  by  increments  of  forty  pounds,  except  the  last  one:  that 
was  ten  pounds.  The  apparatus  used  is  shown  in  the  sketch,  where  (A) 
is  a  spindle  that  is  revolved  by  means  of  a  l>elt  from  a  counter-shaft  To 
this  spindle  is  attached  (B),  the  inner  part  of  the  ball  race;  the  outer  part 
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of  the  race  being  held  in  a  cage  (D)  that  is  clamped  inside  the  balanced 
arm  (E).  Near  the  extremities  of  the  balanced  lever  are  inserted  knife 
edges  that  are  on  a  line  drawn  through  the  center  of  the  rotating  spindle, 
and  the  weights  used  were  suspended  from  these  knife  edges,  as  shown. 
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A  das^^-pot  (H)  was  used  to  check  the  vibration  of  the  lever;  and  the 
tendency  of  the  lever  to  rotate,  due  to  friction  with  the  revolving  spindle, 
was  measured  on  a  scale  (G). 

The  method  of  operation  was  to  first  bring  the  lever  nearly  to  balance, 
leaving  a  slight  excess  weight  on  the  scale  side,  then  on  causing  the 
spindle  to  rotate  tliere  was  an  additional  pull  on  the  scale  arm,  due  to  the 
friction  of  the  moving  parts.  This  additional  pull,  when  reduced  to  the 
ball  path  on  the  part  (c),  could  be  used  to  find  the  coefficient  of  friction. 

The  following  table  will  show  the  form  of  log  kept: 


No. 


BALL-BEARINCi    FOR  ONE   INCH   SHAFT. 
(Oil  Used.) 


Weight 

on  Scale. 

Ounces. 


i 

8  '< 

9 

6— Science. 


i 
i 


H 


% 


Weight. 
Pounds. 


90 
90 
90 


Rev. 
Spindle. 


256 
442 
757 


Time. 
Seconds. 


Ueat. 


30 
30 
30 


Coefficient 
F.      . 


None. . 
None .. 
None. . 


.0017 
.0017 
.0020 
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Xo. 


10 

11 

12 


BALL-BEARINfi   FOR  ONE   INCH   Sll AI-T— C0NTINI:ED. 


(Oil  Used.) 


Vs 


H-. 


Weight  \r„:„uf 

Ounces.     ;     ^'ounds. 


l:«) 
130 


Rev. 
Spindle. 


25f. 
431 
758 


Time. 
Seconds. 


:J0 
:iO 


Heat. 


I 


None. 

I  None. 
! 
None. 


Coeffiaent 
F. 


.0018 
.0018 
.0018 


Three  sets  were  made  for  each  load,  and,  with  the  weights  used,  the 
coefficient  of  friction  varied  from  .0017  to  .0022,  as  averages  for  the  three 
sets.  Of  course,  the  widtli  of  this  range  may  be  due  to  inaccuracy  In 
reading  fi-om  the  scale,  as  the  variation  in  pull  on  the  scale  arm  caused 
a  rapid  vibration  of  the  scale  index. 

The  bearings  used  were  those  supplied  on  the  market  for  carrying 
shafts,  and  the  principal  cause  of  the  jar  in  the  apparatus  during  the  test 
was  due  to  slight  inaccuracies  in  grinding  the  races. 

In  another  set  of  tests,  where  the  load  was  increased  to  seven  hundred 
pounds,  it  was  found  that  somewhere  between  the  six  hundred  and  the 
seven  hundred  pounds  load  the  balls  and  races  had  become  pitted,  small 
pieces  of  the  hardened  steel  being  torn  from  the  surfaces.  These  pieces 
were  found  in  the  race-way  or  in  the  oil  that  was  used.  It  was  found, 
further,  that  the  tendency  to  heat  was  much  reduced  when  oil  was  used 
and  that  the  whole  movement  was  smoother  and  steadier. 


FrRTHER  Studies  in  the  Propagation  of  Sound.     By  A.  Wilmer  Duff. 

[Abstract.] 

m 

In  a  previous  paper  the  writer  gave  a  theoretical  discussion  of  the 
propagation  of  sound  In  spherical  waves,  allowing  for  the  effect  of  the 
viscosity  of  the  air  and  the  conduction  and  radiation  of  heat  from  the 
condensations  and  to  the  rarefactions.     It  resulted  from  this  investlga- 
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tioQ  that  at  short  distances  from  the  source  the  intensity  of  the  sound 
varies  as 

wliile  at  great  distances  from  the  source  the  intensity  varies  as 

g  -  2  m  r 


r2 


In  these  formulae  r  stands  for  the  distance  from  the  source,  a  for  the 
velocity  of  sound,  and  n  for  the  number  of  vibrations  per  second,  while 
m  is  a  constant  that  depends  on  viscosity  conduction  and  radiation. 

In  the  previous  paper  the  author  described  experiments  made  to  find 
the  value  of  m.  The  method  was  confessedly  not  altogether  satisfactory. 
Later  another  method  was  devised  and  applied  during  the  summer  of 
1898.  As  before,  the  work  was  performed  in  the  open  air  at  a  very  quiet 
part  of  the  River  St.  John,  New  Brunswick,  Canada.  The  season  was 
very  unfavorable,  and  only  the  few  results  hereafter  described  were  ob- 
tained. 

The  greatest  difficulty  in  such  work  is  in  finding  a  variable  standard 
of  intensity  of  the  same  pitch  and  quality  as  the  sound  studied.  In  the 
present  case  this  was  overcome  by  using  the  sound  conveyed  through  a 
telephone  as  the  standard,  the  transmitter  being  placed  near  the  source 
of  sound  and  the  receiver  held  at  such  a  distance  from  the  ear  that  the 
sound  heard  directly  and  that  heard  through  the  telephone  were  of  equal 
intensity.  Only  one  ear  was  used,  the  other  being  filled  with  wool  and 
closely  covered  by  a  heavy  pad.  This  use  of  a  telephone  receiver  at  dif- 
ferent distances  from  the  ear  as  a  standard  implied  a  knowledge  of  the 
law  of  intensity  of  the  sound  at  different  distances  from  the  receiver. 
This  point,  the  law  of  intensity  at  short  distances,  was  first  tested  by 
using  the  receiver  in  two  states  of  intrinsic  sensitiveness— first,  shunted; 
second,  not  shunted.  Now,  if  a  series  of  sounds  of  different  intensities 
(e.  g.,  the  sound  of  the  same  whistle  differently  deadened  by  coverings) 
be  compared  with  tliese  two  standards,  the  ratio  of  the  two  intensities 
thus  estimated  for  each  sound  should  be  the  same  for  all  the  sounds,  and 
If  calculation  according  to  the  theoretical  law  above  stated  for  short*  dis- 
tances should  show  such  a  constancy  of  ratio,  it  would  afford  strong 
evidence  that  the  theoretical  law  is  correct.    The  tables  of  results  obtained 
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verified  tlie  law  of  intensity  at  short  distances  and  showed  that  the  com- 
monly  accepted  law  of  inverse  squares  at  short  distances  is  quite  inap- 
plicable. 

Having  thus  verified  the  theoretical  law  for  short  distances,  the  use  of 
the  telephone  receiver  as  a  standard  for  estimating  the  intensity  at  great 
distances  from  the  source  becomes  possible. 

Tables  of  results  summarizing  the  observations  obtained  at  great  dis- 
tances showed  that  the  values  of  m  required  to  reconcile  the  observed 
variations  of  intensity  at  each  increase  of  distance  with  the  theoretical 
law  at  great  distances  increased  uniformly;  and  hence  it  is  evident  that 
the  theoretical  law  can  not  be  (luito  correct.  In  fact  there  must  be  an- 
other cause  of  decay  of  intensity  not  taken  account  of  in  the  theoretical 
discussion;  and  this  other  cause,  whatever  it  is.  produces  results  not  in 
accord  with  an  exponential  law  of  variation.  What  this  other  cause  is^ 
the  author  does  not  undertake  to  say. 


The  Intensity  of  Telephonic  Sounds.     By  A.  Wilmer  Duff. 

» 

[Abstract.] 

If  a  sound  of  constant  iutenslt>^  act  on  a  telephone  transmitter,  the 
intensity  of  the  sound  given  off  from  the  receiver  will  depend  upon  the 
total  resistance,  inductive  and  non-inductive,  of  the  circuit.  If  the  circuit 
include  a  resistance  l>ox  and  the  total  resistance  be  varied  in  a  known 
way,  the  relative  changes  of  current  affecting  tlie  receiver  can  be  calcu- 
lated. If.  now,  the  receiver  be  held  at  varying  distances  from  the  ear, 
so  that  the  sound  emitted  l)y  it  seems  to  the  ear  as  loud  as  the  sound 
heard  directly  from  the  distant  source  that  acts  upon  the  transmitter,  then 
the  variations  in  intensity  of  the  sound  given  off  by  the  receiver  can  also 
be  estimated.    (See  preceding  article.) 

By  this  metliod  it  was  found  that  the  intensity  of  sound  emitted  by 
the  receiver  varied  roughly  as  the  tliree-halves  power  of  the  current 
traversing  the  circuit. 
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The  Distance  to  Which  Small  Disturbances  Agitate  a  Liquid- 

By  a.  Wilmer  Duff. 
[Abstract.] 

In  the  course  of  an  unfinished  piece  of  worlf  on  a  new  method  for 
determining  the  viscosity  of  water,  the  following  somewhat  curious  result 
was  obtained: 

If  a  sphere  of  one  centimeter  radius  hang  from  aii  arm  of  a  balance 
by  a  long  tine  wire,  and  be  immersed  in  a  vessel  of  water,  it  may  be 
caused  to  perform  vertical  vibrations  of  any  desired  extent  and  rapidity 
by  suitnhly  weighting  the  pans  of  the  balance.  The  nearness  of  the  sides 
of  the  vessel  will  be  found  to  greatly  affect  the  rate  at  which  the  vibra- 
tions die  down.  Even  when  the  sides  of  the  vessel  are  very  distant,  they 
have  an  appreciable  effect.  When  the  vessel  is  a  large-sized  carboy,  the 
effect  of  the  sides  is  still  quite  appreciable.  That  is  to  say,  if  a  sphere  of 
one  centimeter  radius  perform  one  vibration  for  every  tifteen  seconds 
through  a  range  of  one  centimeter  in  a  mass  of  water,  the  effect  on  the 
water  at  a  distance  of  a  foot  from  the  sphere  is  quite  appreciable  and 
measurable,  the  water  being  agitated  to  that  distance  instead  of  merely 
flowing  round  the  slowly  moving  sphere  to  fill  up  the  space  it  vacates. 

It  may  be  added  that  the  method  referred  to  for  measuring  the  vis- 
cosity of  water  is  not  intended  as  a  practical  method  for  finding  the  vis- 
cosity of  different  liquids,  but  merely  as  a  means  of  contributing  to  the 
settlement  of  the  dispute  regarding  the  discordant  values  of  the  viscositj' 
of  water  obtained  by  the  several  other  methods  tliat  have  been  employed. 


The  Evaporation  of  Water  Covered  by  a  Film  of  Oil. 

By  a.  Wilmer  Duff. 

[Abiitract.l 

A  vessel  of  water  covered  bj'  a  film  of  paraffin  oil  4  mm.  thick  and 
placed  in  a  box  artificially  kept  dry,  lost  4  gms.  of  water  in  two  months, 
while  in  another  case  in  which  the  film  of  oil  was  only  1  mm.  thick  the 
loss  in  two  months  was  11  gms.  After  considerable  difliculty  it  was 
proven  that  this  loss  was  not  at  all  due  to  a  passage  of  the  water  through 
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the  oil  film,  but  to  the  water  creeping  out  between  the  oil  and  the  glass. 
This  may  be  tested  by  placing  two  similar  glass  vessels  on  the  pans  of  a 
sensitive  balance,  pouring  some  water  in  one  and  covering  it  with  a  layer 
of  oil,  and  pouring  in  the  other  oil  only  to  the  same  depth.  After  counter- 
balancing and  closing  the  balance  case  very  tightly  to  prevent  air  cur- 
rents, the  arms  may  be  kept  counterbalanced  by  suitable  riders,  and  it  will 
be  found  that  the  evaporation  of  the  water  takes  place-  with  sufficient 
rapidity  to  be  measured  in  a  short  time.  But  if  the  water  be  contained 
In  a  watch-glass  placed  in  the  bottom  of  the  glass  vessel  and  entirely  cov- 
ered and  surrounded  by  oil,  no  evaporation  will  be  discovered. 

To  indicate  the  rate  at  which  water  can  thus  creep  between  oil  and 
glass.  It  may  be  stated  that  when  the  glass  vessel  is  9  cm.  in  diameter 
and  the  layer  of  oil  as  much  as  Vl>  cm.  thick,  the  evaporation  takes  place 
at  the  rate  of  nearly  a  milligram  per  hour. 


A  Note  on  Temperature  Coefkkient  of  Electrical  Condcctivity  of 

Electrolytes.    By  Arthur  Kendrick. 

I  Abstract.] 

This  paper  was  a  preliminary  note  of  work  begun  to  determine  the  tempera- 
ture coeflicient  of  conductivity  of  various  electrolytes  of  varying  concentratioDfl, 
The  two  plates  give  the  curve  of  resistance  and  molecular  conductivity  in  the 
•case  of  a  ylSu  normal  KCl  aqueous  solution  and  an  approximately  jj^^^  normal 
KCl  aqueous  solution,  between  0°  C  and  about  50°.  The  figures  0.100  and  0.200 
mark  the  ordinates  of  the  molecular  conductivitv  curves.  The  resistances  in 
each  case  are  the  actual,  corrected  resistances  for  the  cell  used,  and  the  molecn- 
iar  conductivity  is  the  resistance,  taken  from  the  curve  divided  by  jl^  and  Yhjf 
respectively,  the  concentration  values.  The  broken  straight  lines  are  drawn  to 
make  noticeable  the  curvature. 
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A  Common  Text- Book  Error  in  the  Theory  of  Envelopks. 

By  a.  8.  Hathaway. 

The  cause  of  this  communicatioD  is  the  recent  appearance  of  several 
text-books  on  the  calculus  that  embody  an  error  in  the  theory  of  envelopes 
that  dates  at  least  as  far  back  as  Todhunter*s  calculus,  afid  is  now  repro- 
duced in  all  text-books  under  the  impression,  apparently,  that  it  has  ac- 
quired the  sanction  of  authority,  although  Cayley  pointed  out  the  error 
nearly  forty  years  ago,  while  the  subject  matter  is  presented  in  all  text- 
books on  Differential  Equations  in  its  correct  form.  The  error  consists 
in  defining  the  envelope  of  a  moving  curve  as  the  locus  of  its  self-inter- 
sections, and  then  proving  that  the  envelope  touches  the  moving  curve  in 
every  position— i.  e.,  proving  as  true  that  which  is  often  false— for  the 
locus  of  self-intersections  of  a  moving  curve  may  cut  the  curve  at  any 
angle,  as  at  right  angles,  wherever  the  two  meet.  A  simple  example  is 
the  curve  (y— m)*=6r— 3)',  whose  locus  of  self-intersections,  as  m  varies.  Is 
the  straight  line  .r='^,  which  cuts  cvory  curve  of  the  given  system  at  right 
angles.  The  fact  is,  that  the  envelope  should  be  defined  as  the  curve  that 
touches  every  curve  of  a  given  system.  It  can  then  be  shown  it  is  a  locos 
of  self-intersections  of  the  curves  of  the  system,  provided  such  self-inter- 
sections are  not  the  singular  points  of  the  given  system.  The  locus  of  such 
singular  points  is  always  a  locus  of  self-Intersections,  but  it  is  not  in 
general  an  envelope  of  the  system,  and  may  cut  every  curve  of  the  sys- 
tem at  any  constant  or  varying  angle.  The  text-book  blunder  referred 
to  is  of  the  same  logical  character  as  would  be  the  attempt  to  prove  that 
a  (luadrupcil  is  a  horse.  To  be  sure,  a  horse  is  a  quadruped,  but  not  every 
quadruped  is  a  horse.  Thus  a  curve  that  touches  every  curve  of  a  given 
system  is  a  locus  of  self-intersections  of  the  system,  but  not  every  locos 
of  self-intersections  of  the  system  will  touch  every  curve  of  the  system. 
Th(?  error  in  the  proof  arises  out  of  the  assumption  that  if  two  points  of 
a  curve  approach  coincidence,  the  limiting  position  of  the  chord  joining 
the  two  points  is  a  tangent  line  at  the  point  of  coincidence.  This  Is  all 
right  if  the  point  of  coincidence  is  not  a  singular  point  of  the  curve.  Bot 
at  a  singular  point,  as  a  sharp  point  like  the  bottom  of  a  letter  V,  the 
limiting  position  of  two  points  that  approach  tlie  point  on  opposite  sides 
is  absolutely  indeterminate,  and  is  not  necessarily  a  tangent  line  at  that 
point 


A  New  Tbianolf  axd  Bomb  of  Ira  Pbopbbtibs.     By  Robert  Judoon  Aley. 

BipUnation  of  Figure.  —  ABC  is  any  IriaDgle,  of  which  M  is  ihe  circum- 
center,  0  the  incenter,  H  the  orlhoccDter,  and  Q  HtgeVt  Point,  A' A'",  B'B"' 
■nd  CC"  are  diameters  perpendicular  to  the  sides  BG,  CA,  AB,  respectivet;. 


1.     If  A^,  B',   C  are  the  middle  poinU  of  AA',  BB',  CC,  reBpectively, 
then  OM'ii  the  diametarof  Ihe  circumcirele  of  J'£''  C'. 
Since  A'  is  the  middle  point  of  AA', 
MA-"  is  parallel  W  AA'". 
Bat  AA'"  IB  perpendicular  to  AA', 
.'.  MA'  Is  perpendicalar  to  ^•4'. 
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Hence  MA^'  0  is  a  right  angle. 

Similarly  MH^'  0,  and  3/C*'  0  are  right  angles. 

.'.a  circle  upon  OMtLS  diameter  will  pass  through  -4^,  Tif^',  C'^. 

II.  The  triangle  ^^  7i^'  C^  is  similar  to  NagePs  triangle  A'^B'^C^^ 
Z  J?'C*'. 4^  is  the  supplement  /  B'' OA"-  . 

Z  B^OA'^^  Z  AOB. 

=  7T-{iA-]-i  B). 

=  A^B-]   C-i(A-\-B). 

r^-C-]-i{A  +  B). 

=  A  +  B--C-\_C-iri(A-{-B)l 

3/.4'  is  perpendicular  to  AA\ 
MC  is  perpendicular  to  CO'. 
Z  (3/.4%  MC^  )  =  Z  (^.4^  OCT). 
L  c,  Z  -4^3/C^  — ^^OC. 

=  iM4-C). 

But  Z  -4^JlfC^  =r^^^^C^  . 

.-.  Z  ^''  B^  C^=J  (-4-1-0.) 

Similarly  Z  J5^^^(^^  J  (B+C). 

The  angles  of  the  triangle  A'^B'^CT'  (Nagel's  triangle)  are  J  (B  -f  C), 
i  (^+C),  }  (^  +  i?),  respectively.  (Sch watt's  Geometric  Treatment  of  Curves, 
page  39.) 

.  • .  A^B^C  is  similar  to  A''B''C'\  It  is  also  similar  to  A'WCT,  for  A'WC 
and  A''B''(y'  are  similar. 

III.  0  is  the  centre  of  perspective  of  A"-  B""  C'  and  A^B^C, 

IV.  A',  the  centroid  of  .4  //C,  is  the  internal  center  of  similitude  of  the  cir- 
cumscribing circles  of  A''B''C''  and  A'  B'  C'  . 

OM  is  parallel  to  HQ. 

It  is  known  that  //,  i?,  J/,  are  coliinear,  as  are  also  0,  i?,  Q. 

.*.  JJAf  and  OQ  intersect  at  K. 

.*.  ^  is  the  internal  center  of  similitude. 

V.  E is  also  the  center  of  perspective  of  A^  B"  O  and  A''B^'C'\ 
For,  consider  the  triangle  AA^^A^, 

A'^  vl^  is  a  median  and  so  is  J  3fa. 
.*.  A''  A"*  passes  through  E. 
Now  consider  the  triangle  BB"B\ 
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B^^B^  is  a  median  and  so  is  BMh . 

.-.  B^^R"  paiises  through  E. 

In  the  same  way  we  can  show  that  (Y^C^  also  passes  through  K, 

.-.  ^  is  the  center  of  perspective  of  A'^B'^Cy  and  ^^  J?^  C^ . 

VI.  All  the  lines  in  A"^ B"^ C^  are  just  one-half  the  corresponding  lines  in 
A''B''Cy\ 

This  is  an  immediate  consequence  of  the  fact  OM  =  i  HQ,  (Schwatt, 
Geomet.  Curves,  page  40.) 

VII.  The  sides  of  the  triangfe  A^ B^  C'^'  are  oppositely  parallel  to  the  cor- 
responding sides  of  A^^B'^C'^,  i,  e.^A'^R'is  parallel  to  B'^A^^,  etc. 

Oilf  is  parallel  to  HQ. 

HA^^  is  perpendicular  to  AA^. 

MA'''  is  perpendicular  to  AA^. 

.-.  Z  A''HQ=  Z  OMA^. 

In  the  same  way 

Z  B''HQ=  Z  OMB^, 

Z  C'HQ  —  Z  OMC^ . 

This  shows  that  the  points  A^ ,  B^' ,  C^  are  located  with  respect  to  0,  just  as 
A'^,  B'^,  C'^  are  located  with  respect  to  Q. 

Z  {OM,  J5^^^)  is  measured  by  }  ( arc  OB"  --  arc  .4^C^  -f  arc  CM), 

Z  ( HQ,  A''B'')  is  measured  by  i  (  arc  B''Q  -f  arc  .4^'C^'  +  arc  (7^5). 

But  arc  OB"  measures  the  same  angle  in  the  circle  on  OM  as  diameter,  that  the 
arc  B^^Q  measures  in  the  circle  on  HQ  as  diameter. 

The  same  is  also  true  of  the  arcs  A  ^  C^  and  A^^C^  and  C^  M  and  (y^H, 

.-.  Z  {OM,  B^A''):^  Z  (HQ,  A''B''). 

But  since  03/ is  parallel  to  HQ,  we  have  at  once  A^^B'^  parallel  to  B"  A""' . 

In  the  same  way  we  may  prove  that  B^^O^^  is  parallel  to  C^  By  and  Cy^A'^ 
parallel  to  .4^'C^. 

.*.  the  sides  of  A"  B"  C"  are  oppositely  parallel  to  the  corresponding  sides  of 

VIII.  The  triangle  ^^5^  C^  is  Nagel's  triangle  for  the  triangle  3f a 3fb3fc. 
It   is   known   (Schwatt,   page  41)  that  0  is  Nagers   point  in   the  triangle 

M^MhMc,  and  that  Mi*  the  orthocenter.  The  circle  on  OMvlb  diameter  is  Nagel** 
circle  for  the  triangle  M^MhMc.  We  know  that  the  sides  of  M^MbMc  are  oppo- 
sitely parallel  to  the  sides  of  ABC,  and  we  have  proven  that  A'^B^'C,  inFcribed 
in  the  NageFs  circle  of  M^MbMc,  has  its  sides  oppositely  parallel  to  the  sides  of 
Nagel's  triangle  for  ABC. 

.-.  ..4^/?^C^  is  Nagers  triangle  for  M^  itfb  Mc 
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Note  on  Angelas  Method  of  Inscribing  Regular  Polygons. 

By  Robert  Judson  A  ley. 

On  page  47,  **Practical  Plane  and  Solid  Geometry,"  by  Henry  Angel, 
the  following  method  of  inscribing  a  regular  polygon  in  a  circle  is  given: 

"Let  ACB  be  the  given  circle,  and  let  the  required  figure  be  a  hep- 
tagon. Draw  the  diameter  AB,  and  divide  it  into  seven  equal  parts.  (The 
number  of  parts  is  regulated  by  the  required  number  of  sides.)  With  A 
and  B  as  centers— radius  AB— describe  two  arcs  intersecting  in  D.  From 
D  draw  the  line  D  2,  passing  through  the  second  division  of  the  diameter, 
and  produce  it,  to  meet  the  circle  in  E.  The  distance,  AE,  will  divide  the 
circle  into  seven  equal  parts;  and  if  the  points  of  division  be  Joined,  a  hep- 
tagon will  be  inscribed  in  the  circle." 


The  method  has  the  merit  of  seeming  to  succeed.  When  applied  to 
circles  of  short  radii,  no  noticeable  error  is  found  in  the  drawing.  I  have 
not  attempted  to  give  a  geometric  demonstration  of  the  error  which  arises 
in  this  and  all  similar  rule  of  thumb  methods  of  inscribing  regular  poly- 
gons. Let  the  diameter  AB,  for  convenience,  be  fourteen  units  in  length: 
tluMi,  by  obvious  trigonoinetrio  proct^sses,  wo  find  AE  to  be  6.0J>212  units 
in  length,  while  in  a  true  heptagon  the  side  would  be  6.07436  units  long. 
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Take  a  circle  whose  diameter  is  thirty-six  units;  Angel's  method  makes 
the  side  of  a  36-gon  equal  to  3.33982  units,  while  the  true  length  is  3.13770 
units.  The  larger  number  of  sides  makes  the  error  of  the  method  more 
apparent. 


Concurrent  Sets  of  Three  Lines  Connected  with  the  TRiANCiLE. 

By  Robert  Judson  Aley. 

To  the  stucient  of  the  pure  geometry  of  the  triangle,  few  subjects  are  more 
luteresting  than  the  concurrency  of  lines.  The  following  collection  of  concur- 
rent sets  of  three  lines  has  been  made  in  the  hope  that  it  may  prove  of  value  to 
geometric  students.  No  claim  is  made  to  completeness.  The  list  is  as  complete 
as  the  author  could  make  it  with  the  material  to  which  he  had  acceFs.  Many  of 
the  notcF,  and  a  large  number  of  the  propositions  have  been  taken  from  the  pub- 
lished papers  of  Dr.  J.  S.  Mackay,  of  Edinburgh,  perhaps  the  foremost  student  of 
the  geometry  of  the  triangle.  No  classification  of  the  propositions  seems  possible 
and  so  none  has  been  attempted. 

1.  The  median  lines  of  a  triangle  are  concurrent.  The  point  of  concur- 
rency, usually  denoted  by  G,  is  called  the  mfdian  point  or  centroid. 

2.  The  in-symmedian  lines  of  a  triangle  arc  concurrent.  The  point  of  con- 
currency is  called  thesymmedian  point  or  Grebe's  point,  and  is  generally  denoted 
by  A'.  (For  a  history  of  this  point,  see  J.  S.  Mackay,  in  Proceedings  of  Edin- 
burgh Mathematical  Society,  Vol.  XI.) 

3.  The  altitudes  of  a  triangle  are  concurrent.  The  point  of  concurrency, 
usually  denoted  by  Hy  is  called  the  ortho  centre.  (This  proposition  occurs  in 
Archimedes's  Lemmas  and  in  Pappus's  Mathematical  Collection.) 

4.  The  internal  angle  bisectors  of  a  triangle  are  concurrent.  The  point  of 
concurrency  is  the  center  of  the  inscribed  circle  and  is  usually  denoted  by  /. 
(Euclid  IV,  4.) 

5.  The  internal  bisector  of  any  angle  of  a  triangle  and  the  external  bisectors 
of  the  other  two  angles  of  the  triangle  are  concurrent.  The  points  of  concur- 
rency, denoted  by  /, ,  J,,  I^  are  the  centers  of  the  three  escribed  circles. 

6.  The  perpendiculars  to  the  sides  of  a  triangle  at  the  midpoints  of  the 
sides  concur  at  the  center  of  the  circumscribed  circle.  This  point  of  concurrence  is 
usually  denoted  by  0.     (Euclid.) 

7.  Lines  drawn  from  the  vertices  to  the  points  of  contact  of  the  in-circle 
with  the  opposite  sides  are  concurrent.  (The  point  of  concurrency,  T,  is  called 
the  Gergonne  Point.     It  was  named  by  J.  Neuberg  after  J.  D.  Gergonne.) 
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8.  Lines  drawn  from  the  vertices  to  the  points  of  contact  of  the  escribed 
circles  with  the  opposite  sides  concur  at  Q,  Nagel's  Point.  (For  a  number  of 
interesting  properties  of  this  point,  see  Schwatt's  "Geometric  Treatment  of 
Curves.") 

9.  Lines  drawn  from  the  vertices  making  equal  angles  with  the  sides  ^B, 
BCy  CAy  respectively,  concur  at  12  and  12*^,  the  two  Brocard  points  of  the  triangle. 

10.  If  ^1,  ^1,  Ci,  is  Brocard's  first  triangle,  then  -4-4,,  BBi,  CCi,  concur  at 
Dy  the  point  isotomic  conjugate  to  K. 

n.     If  Lf  My  Ny  be  the  midpoints  of  the  sides  of  the  triangle  ABCy  and  2/, 

M^y  N^  the  midpoints  of  the  sides  of  the  triangle  AiB^Cu  then  LL^y  MM^  and 
NN^  concur  at  S, 

12.  AUy  BM^y  and  CN'  concur  at  S\  S  and  S^  are  isogonal  conjuf^ate 
points.     (Schwatt*8  *'  Qeometric  Treatment  of  Curves,"  p.  5.) 

13.  Perpendiculars  from  -4,  By  C  upon  B^V^y  Cij4,, -4, .Bj,  respectively, 
concur  at  Ny  a  point  on  the  circumcircle  of  the  triangle  ABCy  known  as  Tarn^n 
Point 

14.  Lines  through  Ay  By  C,  parallel  to  B^  C,,  C^A^y  A^B^y  respectively,  con- 
cur at  a  point  on  the  circumcircle  of  the  triangle  .-IBC  known  ?^  Sleiner^a  Point, 

15.  Parallels  to  AB  and  CA  through  Cand  By  respectively,  concur  with  the 
median  through  A,  There  are  evidently  three  such  points  of  concurrency.  These 
points  are  sometimes  called  the  external  median  poinU. 

16.  If  three  lines  through  the  vertices  are  concurrent,  their  isogonal  conju- 
gates with  respect  to  the  angles  of  the  triangle  are  also  concurrent.  (Steiner*8 
Gesammelte  Werke  I.,  193,  1881.)  If  the  ratios  of  the  distancesof  the  first  point 
from  the  sides  are  I  :m:ny  those  of  the  second  point  are 

1        I        l^ 
I    '    in    '    n 

17.  Perpendiculars  to  the  sides  of  the  triangle  ABC  from  the  midpoints  of 
the  sides  of  the  orthic  triangle  of  ABC  are  concurrent.  (Kdouard  Lucas  in  Nou- 
velleCorrespondance  Math^matique  II,  95,  218,  1876.) 

18.  The  ex-symmedians  from  any  two  vertices  and  the  in-symmedian  from 
the  third  vertex  are  concurrent.  There  are  evidently  three  such  points  of 
concurrency.     They  are  sometimes  called  the  exietmal  »ymmedian  points, 

19.  If  three  lines  drawn  from  the  vertices  of  a  triangle  to  intersect  the  oppo- 
site sides  are  concurrent,  the  lines  isotomic  conjugate  to  them  are  also  concurrent. 

If  the  ratios  of  the  distances  of  the  first  point  of  concurrency  from  the  sides  are 
I  :  m:  Hy  the  ratios  of  the  second  point  are 

1  1  1 

a- 1   '  b^m  *  c-n 
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20.  If  the  three  perpendiculars  from  the  vertices  of  one  triangle  upon  the 
sides  of  another  triangle  are  concurrent,  then  the  three  perpendiculars  from  the 
vertices  of  the  latter  upon  the  sides  of  the  former  are  also  concurrent.  (Steiner, 
Oesammelte  Werke  I.,  157,  1881.)  (Lemoine  calls  such  triangles  orthologous  and 
the  points  of  concurrency  centert  of  arihology, 

21.  Brocard's  Triangle  and  ABC  are  orthologous.  Perpendiculars  from 
A^y  J5i,  Cij  upon  BC,  CA^  AB^  respectively,  are  concurrent.     (See  No.  13.) 

22.  If  three  points  be  taken  on  the  sides  of  a  triangle  such  that  the  sums  of 
the  squares  of  the  alternate  segments  taken  cyclically  are  equal,  the  perpendicu- 
lars to  the  sides  of  the  triangle  at  these  points  are  concurrent.  (T.  G.  de  Oppel, 
'* Analysis  Triangulorum,'*  p.  32,  174H.) 

23.  If  on  the  sides  of  a  triangle  ABC^  equilateral  triangles  LBCy  MCAy 
NAB  be  described  externally,  ALj  BM,  CN  are  equal  and  concurrent. 

24.  If  on  the  sides  of  a  triangle  ABC,  equilateral  triangles  I/BC^  M^CAy 
NWB  be  described  internally,  AUy  BM^  CN^  are  equal  and  concurrent.  (Dr. 
J.  S.  Mackay  gives  24  in  Vol.  XV  of  Proceedings  of  Edinburgh  Mathematical 
Society  and  attributes  23  to  T.  8.  Davies  in  Gentleman's  Diary  for  1830,  p.  36.) 

25.  If  A^^B^^CX^  be  NagePs  triangle,  then  perpendiculars  from  A,  B,  and  C 
upon  B''(y\  (y'A'\  A''B'\  respectively,  are  concurrent. 

26.  Perpendiculars  from  A^\  B*\  ("^  upon  B(\  Cvl,  ABy  respectively,  are 
concurrent. 

27.  If  xVy  B\  (.y  be  the  midpoints  of  the  arcs  subtended  by  BCy  CI,  AB, 
respectively,  then  perpendiculars  from  A',  B'y  C  upon  B'^Cy  ('''A'\  A''B''y 
respectively,  are  concurrent. 

28.  Perpendiculars  from  A'^y  B'\  C/'  upon  WCy  CA'y  A'B\  respectively, 
are  concurrent. 

20.  If  distances  equal  to  2r  (diameter  of  the  inscribed  circle)  be  laid  off 
from  the  vertices  on  each  of  the  altitudes,  three  points  ^l*^,  5*^',  C*^  are  obtained. 
Perpendiculars  from  Ay  By  C  upon  5*^6**^,  O^'A^'^y  A'*'J5**',  respectively,  are  con- 
current. 

30.  Perpendiculars  from  ^**',  i?*^,  C*^'  upon  BCy  CAy  AB,  respectively,  are 
concurrent.  (  Nos.  25,  27  and  29  are  given  in  Schwatt's  ** Geometric  Treatment 
of  Curves,''  pages  40,  43  and  44.  Nos.  26,  28  and  30  are  direct  consequences  of 
the  orthologous  relation  of  the  triangles.     See  No.  20.) 

31.  The  perpendiculars  from  the  middle  points  of  the  sides  of  BrocardV  first 
triangle  upon  the  corresponding  sides  of  the  triangle  ^l^Care  concurrent. 

32.  The  lines  joining  the  middle  points  of  the  sides  of  a  triangle  with  those 
of  the  segments  towards  the  angles  of  the  corresponding  altitudes  meet  in  a  point 
and  bisect  each  other. 
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33.  The  straight  lines  which  join  the  midpoint  of  each  side  of  a  triangle  to 
the  midpoint  of  the  corresponding  altitade  concur  at  the  tymmtdian  point.  ( Dr. 
F.  Wetzig  in  Schlomlich'a  Zeitschrift,  XII,  289.) 

34.  If  two  sides  of  a  triangle  are  divided  proportionally  the  straight  lines 
drawn  from  the  points  of  section  to  the  opposite  vertices,  will  intersect  on  the 
median  from  the  third  vertex. 

35.  Every  two  perpendiculars  to  the  sides  of  a  triangle  at  points  of  contact 
of  escribed  circles  external  to  the  same  vertex  are  concurrent  with  the  perpen- 
dicular to  the  opposite  side  at  the  point  of  contact  of  the  inscribed  circle.  There 
will  be  three  such  points  of  concurrency. 

36.  If  the  three  sides  of  a  triangle  be  reflected  with  respect  to  any  line,  the 
three  lines  through  the  vertices  parallel  to  the  reflexions  of  the  opposite  sides  are 
concurrent. 

37.  The  vertices  of  -IB^'are  joined  to  a  point  0,  and  a  triangle  A^B^(y  \m 
constructed  having  its  sides  parallel  to  .10,  BOy  CO  respectively.  Lines  throngh 
A^y  B^y  (y  parallel  to  the  corresponding  sides  of  the  triangle  A  BC  are  concurrent. 

38.  If  XY/j  be  any  transversal  of  the  triangle  ABCy  and  if  AX,  BY,  GZ 
form  the  triangle  PQRy  then  APy  BQy  and  CR  are  concurrent. 

39.  If  Dy  Ey  Fbe  the  feet  of  the  altitudes,  then  the  lines  connecting  A,  -B,  C 
to  the  middle  points  of  EFy  FDy  DE,  respectively,  concur  at  the  symmedian 
point. 

40.  The  perpendiculars  from  .1,  i?,  C  upon  EFy  FDy  DE  are  concurrent. 

41.  Through  the  vertices  of  the  triangle  ABC  lines  parallel  to  the  oppoaite 
sides  are  drawn,  meeting  the  circumcircle  in  A\  B'y  C\  B'C^y  C^A%  AfW  meet 
BCy  CAy  AB  in  P,  Qy  i2,  respeciively.     AP,  BQy  CR  are  concurrent. 

42.  With  the  same  notation  as  41,  A^Py  B'Qy  CR  are  concurrent.  (41  and 
42  occur  in  St.  John's  College  Questions,  1890.) 

43.  Three  circles  a-re  drawn  each  touching  two  sides  of  the  triangle  ABC 
and  the  circumcircle  internally.  The  points  of  contact  with  the  circumcircle  are 
Ly  My  Ny  rcspcct i vclv .     A  L,  BMy  CX  are  concurrent. 

44.  if  in  43  the  circles  touch  the  circumcircle  externally  in  U,  M^,  J^, 
then  XM,  M^B,  X^C  are  concurrent.  (43  and  44  are  given  by  Professor 
de  Longchamps,  Ed.  Times,  July,  1890.) 

4o.  If  a  circle  touch  the  sides  of  the  triangle  ABC  in  Xy  F,  Z,  then  the 
lines  joining  the  middle  points  of  BUy  CAy  -IB  to  the  middle  points  of  AX,  BY, 
CZy  respectively,  are  concurrent. 

4().'  If  a  circle  cut  the  sides  of  the  triangle  ABC  in  XyX';  YyY';  Z,S^;  if 
AXy  BYy  CZ  ure  concurrent,  so  also  are  J  A''',  BV^   CZ^. 
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47.  If  X,  Yj  Zbe  three  points  on  the  sides  of  the  triangle  ABC  such  that 
the  pencil  D(ACy  EF)  is  harmonic,  then  AD^  BEy  CF  &Te  concurrent. 

48.  If  tangents  to  the  circumcircle  at  the  vertices  of  the  triangle  ABC,  meet 
in  Ly  My  Ny  then  ALy  BM  And  C-Y  are  concurrent. 

49.  If  on  the  sides  of  the  triangle  ABC,  similar  isosceles  triangles  LBC, 
MCAy  NAB  be  described,  AL,  BMy  CN  a.re  concurrent. 

50.  If  the  ex-circles  touch  the  sides  to  which  they  correspond  in  Z>i,  E2,  F^, 
the  perpendiculars  to  the  sides  through  these  points  are  concurrent. 

.51.  If  D,  Ey  Fare  the  points  of  contact  of  the  incircle  with  the  sides  of  the 
triangle  ABC  and  if  D/,  EI,  FI  meet  EF,  FD,  DE  in  X,  M,  N,  respectively,  then 
AL,  BMy  CA'^  concur. 

52.  If  Diy,  EE'y  FF^  are  diameters  of  ihe  incircle  through  D,  E,  F,  the 
points  of  contact  with  the  sides  of  the  triangle  ABC,  then  Al/y  BE\  CF^  concur. 

53.  If  P,  Qy  R  be  collinear  points  in  the  sides  BCy  CA,  AB  of  the  triangle 
ABCy  and  if  P',  Q^  R^  be  their  harmonic  conjugates  with  respect  to  those  sides 
then  AP\  BQ^y  CR^  are  concurrent. 

54.  If  squares  ^PCJB,  BUVC,  CXTA  be  described  upon  the  sides  of  the 
triangle  ABC  (all  externally  or  all  internally)  and  if  QP  meet  XY  in  a,  PQ 
meet  Win  ,3,  LTF  meet  FX  in  ),  then  a  A,  [iBy  >C  concur  in  K  the  symmedian 
point.     (Halsted,  "  El.  Synthetic  Geometry,"  p.  150.) 

55.  A'B'C  is  the  pedal  triangle  of  Q,  and  A'^B^'C^  is  the  pedal  triangle 
of  ii\  B''  C'y  C  A\  A''  B'  form  the  triangle  XYZy  whose  sides  are  parallel 
to  the  sides  of  ABC  PQR  is  the  pedal  triangle  of  ABC.  PX,  QYy  RZ  concur 
at  the  circumcenter  of  XYZ. 

5(j.  The  Simson  lines  of  the  median  triangle  LMN  of  the  triangle  ABCy 
with  respect  to  the  vertices  P,  Qy  R  of  the  pedal  triangle,  concur  at  the  center  of 
Taylor's  circle. 

57.  The  Simson  lines  of  the  pedal  triangle  PQR  of  the  triangle  ABCy  with 
respect  to  the  vertices  X,  if,  N  of  the  median  triangle  concur  at  the  center  of 
Tavlor^s  circle. 

68.  If  BWy  CV  be  perpendicular  to  BC;  CUy  AW  perpendicular  to  CA; 
AVy  BU  perpendicular  to  AB ;  then  AUy  BVy  CW  concur  at  the  circumcenter 
of  ABC.  (C.  F.  A.  Jacobi,  "  De  Triangulorum  Bectilineorum  Proprietatibus," 
p.  56.) 

59.  If  triangles  ^1^1  C|  and  ^ ,  ^2 ^2* '^''^  circumscribed  about  the  triangle 
ABC  in  such  a  manner  that  their  sides  are  perpendicular  to  those  of  ABC, 
then  AiA^,  Hi  B^.  C1C2  concur  at  the  circumcenter  of  ABC.     (Probably  known 

7— SCIEKCR. 
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by  Jacobi,  but  not  explicitly  stated  by  him.     Lemoine  stated  it  in  1873  to  the 
Association  Franjaise  pour  TAvancement  des  Sciences.) 

60. '   When  three  lines  through  the  vertices  of  a  triangle  are  concurri^nt,  the 
six  bisectors  of  the  three  angles  they  determine  intersect  with  the  corresponding' 
sides  of  the  triangle  at  six  points,  every  three  of  which  on  different  sides  connect 
concurrently  with  the  opposite  vertices  if  an  odd  number  of  them  is  internal. 

f)l.  When  three  points  on  the  sides  of  a  triangle  are  collinear,  the  six 
bisections  of  the  three  segments  they  determine  connect  with  the  corresponding 
vertices  of  the  triangle  by  six  lines,  every  three  of  which  through  difTerent 
vertices  are  concurrent  if  an  odd  number  of  them  is  internal. 

62.  When  three  points  on  the  sides  of  a  triangle  are  collinear,  their  three 
lines  of  connection  with  th^  opposite  vertices  determine  an  exscribed  triangle 
whose  vertices  connect  concurrently  with  those  of  the  original  to  which  they  cor- 
respond. 

63.  /T,,  Ifj,  H^  are  points  of  intersection  of  -l/,  BI^  Cl^  respectively,  with 
the  inscribed  circle.  The  perpendiculars  from  Jfj,  J/o,  i/3  upon  BCy  CA,  AB, 
respectively,  are  concurrent. 

64.  The  twelve  radii  from  the  incenter  and  the  excenters  of  a  triangle,  per- 
pendicular to  the  sides  of  the  triangle,  meet  by  threes  in  four  points  which  are  the 
circumcenters  of  the  triangles  II2  /s,  H^  /a,  /^  //i,  I2  ^i  I-  {h  Ai  ^u  ^»  *r® 
the  incenter  and  excenters.  See  note,  p.  99,  Vol.  I,  Proceedings  Edinburgh  Math. 
Soc,  Dr.  Mackay). 

65.  7),  Ef  FtLve  points  of  contact  of  /-circle  with  the  sides  of  the  triangle 
ABCy  i>i.  En  Fi  points  of  contact  of  Jj -circle  with  sides,  Dj,  Eiy  F^^  of  /a-circle, 
7)3,  J?8,  Fgof  /3-circle. 

ADiy  BE^  CF^  concur  at  r^ 
AD^f  BE2,  CF^  concur  at  V^ 
AD^,  BE^,  CF^  concur  at  V^ 
The  points  I'l,  F^,  Fg  are  called  the  associated  Gergonne  points.     See  No.  7. 

66.  AD^  BE^,  CF2  concur  at  Q^ 
AD^,  BE^  CFi  concur  at  ^2 
AD.^,  BE^  CF  concur  at  Q^ 

Q\i  Qij  Qsj  together  with  Q  given  in  No.  8,  are  called  the  Nagel  points. 

67.  AQ,  BQsj  CQ2  concur  at  F,. 
^IQa,  BQ,  CQi  concur  at  Fo. 
AQ2,  BQ,,  C<?  concur  at  F3. 
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68.  AT,  ^Fj,  Cr2  concur  at  Q^. 
ylFj,  7:fr,  CT,  concur  at  Q^. 
AT^^  ^Pj,  CT  concur  at  §,. 

69.  AB,  DE,  D^Ei  concur  at  x. 
BCy  EFy  E^F^  concur  at  y. 
C/1,  FJD,  FiDs  concur  at  2. 
jTj  y,  2  lie  on  a  line  n,  say. 

70.  vll^,  D1E2,  D3E3  concur  at  Xj. 
-BC,  ^a^8>  -^1^1  concur  at  yi. 
C4,  F^Diy  F2D2  concur  at  z^, 
^i>  Vn  ^1  lie  <>n  a  line  p, 

71.  ^^,  NP,  /j/2  concur  at  Xj. 
BCy  PQt  J2/3  concur  at  yj. 
C-4,  (?A^,  /3/1  concur  at  22- 

( JV,  P^  Q  are  the  feet  of  the  interior  angle  bisectors.) 

^2>  Vii  ^2  lie  ^^  ^  iii^e  9. 

72.  The  three  lines  n,  p,  7  are  concurrent. 

73.  A^f  B^j  C^  are  the  midpoints  of  the  sides  of  the  triangle  ABC.  Lines 
drawn  through  A^^  B\  C^y  respectively,  parallel  to  the  triads  of  angular  trans- 
versals which  determine  T,  T^,  l\,  Tj,  concur  at  T^,  T/,  \\^  T/,  Then  IT', 
FiT/,  r^Tj^  T^T/  are  concurrent  at  the  centroid  of  the  triangle  ABC. 

74.  IT^y  ^1 />  -^2^a^  ^a^'s  concur  at  the  symmedian  point  of  the  triangle 
ABC. 

75.  IQy  liQit  T2Q21  AGs  concur  at  the  centroid  of  the  triangle  ABC. 
(The  propositions  65  to  75  inclusive  are  taken  from  Mackay's  *'  Euclid  "  and 

his  '*Symmedians  and  Concomitant  Circles.") 

76.  If  DEFhe  the  triangle  formed  by  joining  the  inscribed  points  of  contact 
of  the  triangle  ABC;  D^E^Fi  the  triangle  formed  by  joining  the  inscribed  points 
of  contact  of  the  triangle  DEF\  D2E2F.^  the  triangle  formed  by  joining  the 
inscribed  points  of  contact  of  the  triangle  D^E^F^ ;  /,  /j,  /j,  /j  are  the  inscribed 
and  escribed  centres.  liDy  /gl?,  /jF concur  at  the  homothetic  centres  of  the  tri- 
angles DJSF  and  I^I^I^,  IDu  IzEi,  JjFi  concur  at  the  homothetic  centre  of  the 
triangles  DjEiFi  and  Il^Izi  and  so  on.  (Dr.  Mackay,  Proceedings  Ediuburgh 
Math.  Soc,  Vol.  I,  pp.  51-2.) 

77.  If  three  straight  lines  drawn  from  the  vertices  of  a  triangle  are  concur- 
rent, the  three  lines  drawn  parallel  to  them  from  the  midpoints  of  the  opposite 
sides  are  also  concurrent ;  and  the  straight  line  joining  the  two  points  of  concur- 
rency passes  through  the  centroid  of  the  triangle  and  is  there  trisected.  (Frigier 
in  Qergonne's  Annales,  Vol.  VII,  170.) 
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78.  If  ABC  be  any  triangle  and  0  anj  point  whatever,  and  Aiy  B^^  C^  be 
points  symmetrical  to  0  with  respect  to  the  midpoints  of  BC,  CA^  AB,  then 
AA^f  BBy^  CCi  concur  at  a  point  P.  The  centroid  0  lies  on  the  line  OP  and 
divides  it  in  a  constant  ratio.  (M.  d'Ocagne  in  Nouvelles  Annales,  Third  Series 
I,  239. )       , 

79.  If  through  A"  (Grebe^s  Point)  parallels  to  the  sides  BC,  CA,  AB  of  the 
triangle  ABC  a.Te  drawn,  meeting  these  sides  in  D,  X)V  J5,  E^;  h\  ¥'^  respectively, 
and  if  EF  and  E'F"  intersect  in  ;> ;  FD  and  F'D'  in  q;  DE  and  I/E^  in  r,  then 
Ap^  Bq^  CV  are  concurrent.  (Dr.  Mackay,  **Symmedians  of  the  Triangle,"  etc., 
p.  39. ) 

80.  A^f  B^j  C  are  the  midpoints  of  the  sides  of  the  triangle  ABC,  and 
J,  Ji,  /j,  I3,  are  the  in  and  ex  centers. 

IiA^,  I%B^,  I^C^  concur  at  the  symmedian  point  of  the  triangle  /1/2/3. 
IA\  I^B^  /jC''  concur  at  the  symmedian  point  of  the  triangle  I I^If 
IjiA\  IB^,  IiC^  concur  at  the  symmedian  point  of  the  triangle  /3//1. 
/jii,  IiB^j  IC^  concur  at  the  symmedian  point  of  the  triangle  l2^\J' 

81.  If  AK,  BK,  CK  cut  the  sides  of  the  triangle  A  BC  at  the  points  R,  8,  T 
and  the  circumcircle  of  the  triangle  ABC  9,i  the  points  D,  £,  F,  then 

AK^  BF,  CE  are  concurrent. 
BK^  CD  J  A  T  are  concurrent. 
CK^  AE,  BD  are  concurrent. 

82.  Xy  Yy  Z  are  the  feet  of  the  perpendiculars  in  the  triangle  ABC.  If 
Ifj,  if 2 1  H^3  be  the  ortho-centers  of  the  triangles  AYZ,  ZBX,  XYC,  then  the 
lines  HiXf  H2Y,  B^Ztire  concurient. 

83.  If  H/,  IT/,  H/  be  the  ortho-centers  of  the  triangles  HYZ,  XCZ,  XYB. 

H/^,  H/',  H/'  be  the  orthocenters  of  the  triangles  CYZ,  XHZ, 
XYA. 

H/'',  ir/^^  H/''  be  the  ortho-centers  of  the  trianglas  BYZ,  XAZ, 
XYH. 
And  if  r,  be  the  homothetic  center  of  the  triangles  XY^Z  and  Hi^Hj^H/. 

Ti  be  the  homothetic  center  of  the  triangles  XFZand  H/^H/^H/\ 
T^  be  the  homothetic  center  of  the  triangles  XTZand  Hi^^^jj^^^^H/^^, 
Then  AT^,  BT^,  CT^  concur  at  the  centroid  of  the  triangle  XYZ. 
(Nos.  80,  81,  82,  83  are  extracted  from  the  work  of  Dr.  Mackay  in  the  Pro- 
ceedings of  the  fkiinburgh  Math.  Soc.) 

84.  If  through  K  parallels  be  drawn  to  BCj  CAy  AB,  they  intersect  the  cor- 
responding altitudes  in  ^j,  -B,,  Cj,  respectively,  which  are  the  vertices  of  Bro- 
card's  first  triangle.  BA^^  C'2?j,  AC^^  concur  at  Q  ;  JBCj,  (M,,  AB^  concur  at  Q', 
and  thus  the  two  Brocard  points  are  determined. 
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Note  on  **Note  on  Smith's  Definition  of  Multiplication."    By  A. 

L.  Baker. 

The  rule  should  be:  To  multiply  one  quantity  by  another,  perform 
upon  the  multiplicand  the  series  of  operations  which  was  performed  upon 
unity  to  produce  the  multiplier. 

This  does  not  mean,  perform  upon  the  multiplicand  the  series  of  sue- 
oesslve  operations  which  was  performed  upon  unity  and  upon  the  suc- 
cessive results. 

Thus,  to  multiply  b  by  Va:  If  we  attempt  to  consider  Va  as  derived 
by  taking  unity  a  times  and  then  extracting  the  square  root  of  the  result, 
we  violate  the  rule.  To  get  Va  by  performing  operations  upon  unity,  we 
must  (e.  g.,  a=2)  take  unity  1  time,  .4  times,  .01  times,  .004  times,  etc.,  and 
add  the  results.  Doing  this  to  b,  we  get  the  correct  result,  viz.,  V2  b= 
1.414...  b. 

The  rule  is  thus  universal,  applying  to  all  multipliers,  complex,  qua- 
ternion and  irrational. 


The  Geometry  of  Simson*s  Line.    By  C.  £.  Smith,  Indiana  UNivERsriY. 

1.  If  from  any  point  in  the  circumference  of  the  circnmcircle  to  a  j,  ABC 
J.8  to  the  sides  of  the  A  ^^  drawn,  their  feet,  Pj,  P,,  and  P„  lie  in  a  straight 
line.     This  is  Icnown  as  Simson's  Line. 

(a)     First  proof  that  Pj,  Pj,  and  P3  lie  in  a  straight  line. 

Since  Z  s  PPj  B  and  PPj  B  (Fig.  1.)  are  both  right  Z  s,  P,  P^,  P,  and  B 
are  coney  el  ic. 

Lilcewise  P,  Pj,  A,  and  P,  are  concyclic. 

Now  Z  PP3  Pi  -f  Z  PBPi=180°. 

and  Z  PAC  -f  Z  PBPj  =  180°. 

.  • .  Z  PP3  Pi  =  Z  PAC, 

But  Z  PAC+  Z  PAP2  =  180°. 

.  • .  Z  PP3  Pi  4-  Z  PAP2  =  180°. 

Bat  Z  PAP.^  =  Z  PPa  P2  (measured  by  same  arc  of  auxiliary  circle) 

.  • .  Z  PP3  P,  4-  Z  PP3  P3  =  180°,  or  a  straight  Z . 

.  * .  Pj  P3  and  P2  1^®  ^^  A  straight  line. 
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(b)    Second  proof  that  P^,  P,,  and  P,  lie  in  a  straight  line. 

Draw  PC  and  PA  (Fig.  1). 

Now  Z8  PP2  C  and  PPj  C  are  right  1%. 

.  * .  P,  Pi,  C  and  P2  are  concjdic  with  PC  as  diameter. 

Z  PAB=  Z  PCB=  Z  PCPi, 

and  Z  PPa  Pi  =  Z  PCPj, 


.-.  Z  PAB=  Z  PAPg^PPj  Pi 
Now  P,  P2,  A,  P3  are  coney clic. 
.-.  Z  PP2  P3  =  PAPand 

.  •  .  Z  PP,  P3  =  Z  PP2  Pi 
.  * .  P2  Pi  passes  through  P3  and  the  three  points  are  collinear. 
2.     If  P  Pi  be  produced  until  it  intersects  the  circumcircle  of  C\  ABC,  at  the 
point  Ui,  then  AUi  is  ||  to  Simson's  line  of  P.     (Fig.  1.) 
Now  the  points  P,  Pj,  P2,  and  C  are  concyclic. 
.-.  the  Z  PiPC=  Z  PiPaC. 

But  Z  Pi  PC=  Z  Ui  AC,  (arc  CUi  common  to  both) 
and  Z  PiPaC^Ui  AC. 
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If  two  angles  are  equal  and  have  a  pair  of  sides  in  coincidence,  then  the 
other  sides  must  also  either  coincide  or  be  parallel.  Hence  AU  ||  Pi  Pj  Pa*  or  to 
Siinson's  line.  Thus  we  can  show  BUj  and  CU,  parallel  to  Simson's  line  of  P 
and  therefore  AUd  BU2  and  CU3  are  parallel  to  each  other. 

.3.  Let  AT  ( Fig.  1 )  be  isogonal  conjugate  to  AP.  Then  Simson  s  line  of 
P  1  AT. 

Also  Simson^s  line  of  T  J.  AP. 

Now,  AUi  is  ,  Simson's  line  of  P,  and 

Z  BATr=  Z  PAC  — 180°—  Z  PUjC. 

Also  Z  BAU,  =  Z  BCUj. 

.-.   Z  BAT—  Z  PAUi=:180°—  Z  PUiC—  Z  BCU,. 

.-.  U,AT  =  180°  — 90°  =  90°  for  Z  PUjC  is  measured  by  J  arc  PC  and 
Z   BCUi  is  measured  by  }  arc  BUj. 

But  PPiC,  which  is  a  right  Z,  is  measured  by  j  arc  [  PC  -f-  BU,). 

.'.  UiA  J.  AT  and  so  Simson's  line  of  P  must  be.  In  like  manner  we  can 
prove  Simson's  line  of  T  J.  A  P. 

Now,  if  Q  is  the  point  on  the  circumference  opposite  P,  then  AUj  and  AQ 
are  isogonal  conjugate  lines,  for 

Z  UiAT=  Z  QAP=r90°and 

Z  TAC—  Z  BAP  with  Z  UjAQ  common. 

.-.  Z  U,AT—  Z  QAU,  —  Z  TAC=  Z  QAP—  Z  UiAQ—  Z  BAP. 

.-.  Z  BAUi—  Z  CAQ. 

4.  If  P  and  Q  are  opposite  points  on  the  circumference,  their  Simson's  lines 
are  J.  to  each  other. 

Now,  the  isogonal  conjugate  of  AP  is  J.  to  isogonal  conjugate  of  AQ,  and, 
therefore,  since  the  Simeon's  line  of  P  I  AUi  and  the  Simson's  line  of  Q  |!  AT,  the 
Simson's  line  of  P  will  be  J.  to  Simson's  line  of  Q. 

5.  A  side,  BC,  and  its  altitude  in  a  triangle  are  the  Simson's  lines  of  A'^ 

and  A,  respectively,  where  A'^  is  the  point  on  the  circumference  opposite  A. 
(Fig  4.) 

Since  the  feet  of  the  J.  s  from  A  to  AB  and  AC  coincide  with  A,  and  the  foot 
of  the  J.  from  A  to  BC  is  Ha,  therefore  the  Simson's  line  of  A  is  AHa.  Again,  the 
feet  of  J.  8  from  A'  to  the  sides  AB,  AC,  and  BC  are  B,  C,  and  A''*,  respectively  ; 
hence  BC  is  the  Simson's  line  of  A^ 

Since  AHa,  BHb  and  CHc  are  the  Simson's  lines  of  A,  B,  and  C,  respectively, 
their  Simson's  lines  concur  in  H,  the  ortho-center. 

6.  Let  A'^,  B'"  and  C^  be  the  points  on  the  circumference  opposite  A,  B  and  C, 
respectively,  and  Ha^  Hb^  and  Ho'^  be  the  points  where  AHa,  BHa  and  CHa, 
produced,  cut  the  circumference,  then  the 
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Simeon's  lines  of  A,  B^  and  (/  concar  in  A, 
Simson's  lines  of  B,  C  and  A''  concur  in  B,  and 
Simson's  lines  of  C,  A'  and  B^  concur  in  C, 

Also,  since  the  Simson's  line  of  Ha^,  Hb'^  and  He''  must  pass  through  Ha, 
Hit  and  Ho,  respectively,  we  have  the 


Simson's  lines  of  A,  A^  and  Ha'  concurring  in  Ha, 

Simson's  lines  of  B,  JV  and  Hb  concurring  in  Hu  and 

Simson's  lines  of  C,  C^  and  H/  concurring  in  He. 

Since  the  point  of  concurrency  of  the  Simson's  lines  of  the  extremities  of  a 
chord  J.  to  BC  is  the  point  where  this  chonl  intersects  BC,  it  follows  that  the 
Simson's  lines  of  the  extremities  of  all  chords  J.  to  BC  are  concurrent  with  Sinoi- 
son's  line  of  A"";  the  Simson's  lines  of  extremities  of  all  chords  J.  AC  are  concur- 
rent with  Simson's  line  of  B'';  and  the  Simson's  lines  of  the  extremities  of  all 
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chords  J.  AB  are  concurrent  with  Simson's  line  of  C^  Thus  there  is  a  triple  in- 
finity of  sets  of  three  points  on  the  circamcircle,  the  points  of  concurrency  of  the 
Simson's  lines  of  which  lie  in  the  sides  of  the  fundamental  triangle. 

7.  Since,  in  the  cosine  circle  (Fig.  6),  F^  EDEK,  FEE^  EK,  and  FF^  E'  D 
are  all  rectangular,  it  follows  at  once  that  the  Simson's  line  of  T/,  with  regard  to 
rt.  A  DEF,  is  FD,  of  E^  DE  and  of  F^  EF.  Also  Simson's  line  of  D,  with  re- 
gard to  rt.  A  I>'E^F^  is  ly  E^  of  E,  E'  F^  and  of  F,  F^EK. 


8.  In  Fig.  2,  Ma,  Mb,  Mc  are  the  midpoints  of  the  sides  of  fundamental 
triangle  opposite  A,  B,  and  C,  respectively.  Ha^^,  Hx/^j  H'/^  are  the  midpoints  of 
AH,  BH  and  CH,  respectively,  where  H  is  the  ortho-center. 

Now  MbA  =  MbHa. 

.-.   Z   MbHaA^r  Z  MbAHa. 

Likewise  Z  McHaA=:  Z  McAHa. 
.-.  Z  McHaMb=  Z  A. 
We  also  know  Z  McMaMb  =  Z  A. 
.*.  Mc,  Mb,  Ma  and  Ha  are  concyclic. 
In  the  same  way  we  can  show 

Mo,  Mb,  Ma  and  Hb  and  Mc,  Mb,  Ma,  and  Ho  to  be  concyclic. 
.'.  Since  three  points  determine  a  circle,  these  six  points  are  all  concyclic. 
Now  Ha,  Hb,  He  are  the  feet  of  the  altitudes  of  A  AHB. 
But  we  have  just  shown  that,  in  any  triangle,  the  feet  of  its  altitudes  and  the 
midpoints  of  its  sides  are  all  concyclic. 

.  • .  Ha,  Hb  and  He  and  Ha^'',  Hb''^  and  H/^  are  concyclic. 
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Then,  since  three  points  determine  a  circle,  Ma,  Mb,  Mc,  Ha,  Hb,  He,  Ha^^ 
Hb^^  and  H/^  must  all  lie  on  the  same  circle.  This  circle,  since  it  passes  through 
nine  definite  points,  is  called  the  nine-point  circle. 

A  J.  to  the  midpoint  of  Ha  Ma  meets  HM  at  its  midpoint,  say  F.  So  Xs  to 
Hb  Mb  and  He  Mc  at  their  midpoints  meet  HM  in  F. 


. ' .  F,  the  midpoint  of  HM,  is  the  centre  of  the  nine-point  circle. 
Since  it  is  the  circumcircle  of  rt.  I),  MaMbMc,  which  has  just  half  the  dimen- 
sions of  A  ABC,  its  radius  will  he  just  half  the  radius  of  the  larger  circle. 

9.  The  nine-point  circle  bisects  any  line  drawn  from  H  to  the  circumcircle 
of  the  fundamental  triangle. 

Let  MX  and  FT  be  any  two  |;  radii  of  the  two  circles.  Now,  since  F  is  the 
mid-point  of  MH  and  FY=iMX,  HYX  is  a  straight  line  with  Y  as  its  mid- 
point. 

10.  Simson's  line  of  P  bisects  PH.     (Fig.  7.) 

Let  us  suppose  that  D  is  the  midpoint  of  PH.  Then  D  lies  on  the  nine-point 
circle.     Then  we  must  prove  it  lies  on  Pi  Pa. 

Since  P  Pi  and  AH  are  J.  to  BC,  they  are  || .  Also  since  D  is  midpoint  of 
PH,  A  P|  I>Ha is  isosceles.     Let  E  be  midpoint  of  AH.     Then  DE=  }  AP. 

D,  E,  and  Ha  are  on  the  nine-point  circle. 

A,  P,  and  C  are  on  the  circumcircle. 

Then  since  DE  ==  i  AP  and  radius  of  nine-point  circle  =  J  R,  Z  EHa  D, 
inscribed  in  nine-point  circle,  ^=  Z  ACP,  inscribed  in  circumcircle. 

Z  EHa  D  =  z  ACP  =  Z  DP,  P. 

Let  the  intersection  of  P,  D  and  AC  be  Pj, 

Then  Z  PP,  D=  Z  ACP:=  Z  PCPj, 
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.  ■-  P,  P,,  C,  *Dd  P,  are  concyclic  and  .  ■ .  I  PP,C=  L  PPi  C=IN)°  Mid 
PP,  1  AC. 

.  ■ .  P,  D  IB  Simson's  iine  of  P. 

The  point  where  PH  cute  Sinmon'fl  line  of  P  is  called  iu  eeaitr. 

11.  The  line  joining  A',  the  point  opposite  the  vertex  Aot  ii  ABC  (Fig.  4), 
with  H,  the  ortho-centra,  hisects  the  side  BC. 


For,  the  Simson  tine  of  A'  ia  BC,  .  - .  BC  bi«ect«  A'  H,  and,  ■■  we  have 
ihovn,  this  hiaection  is  on  the  nine-poinl  circle.  But  the  nine-point  circle  cut* 
BC  at  two  places  onlj,  at  H>  and  Mi ;  hence  it  it  obvioui  that  K'  H  pauea  through 
Ml,  and  thus  il  hisects  BC. 


Ci)   "      ! 


n  of  Ihe  BiniMin  lines  o(  P  and  Q,  the 


diameter  of  the  circumcirctc,  li 


e-point  circle,    ( Fig.  3.) 
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Take  W  as  the  midpoint  of  QH  and  D  of  PH.  Then  thej  are  hoth  on  the 
nine-point  circle  and  WD  must  he  its  diameter,  since  it  is  |!  and  equal  to  i  QP. 
Then,  as  Z  S  is  a  right  Z ,  S  must  also  lie  on  the  nine-point  circle.  S  is  called 
the  vertex  of  either  Simson  line. 

13.     H'',  W^  and  H^^^  (Fig.  7)  are  the  points  on  the  circumcircle  through 
which  AH,  BH  and  CH,  respectively,  pass. 
U  is  the  point  where  PH''  cuts  BC. 
V  is  the  point  where  PH''''  cuts  AC. 
W  is  the  point  where  PH'^^  cuts  AB. 

Now,  U,  V,  H  and  W  lie  on  a  straight  line  I,  to  the  Simson  line  of  P. 
Z  VHHb  =  Z  VW  Hb,  (  Hb  is  midpoint  of  HH^^) 

=  Z  PH^^B  =  Z  PCB. 
Z  UHHa==UH^H»=  Z  PH^A=  Z  PCA. 
Also  H,  Ha,  C,  and  Hb  are  concyclic. 
.-.  Z  HaHHb-f  Z  C=180°. 

But  we  have  just  proven  Z  VHHb  +  Z  UHHa=  Z  C. 
.-.  Z  HaHHb+*Z  VHHb -hUHHa  =  180°,  and 
.'.  U,  H  and  V  are  collinear. 
Now,  Z  WHH^^^  =  WH^^^H  =  180°  —  Z  PH'^^C. 

=  Z  B+Z  UH'H. 

=  Z  B+Z  UHH'. 
Also  B,  Ha,  H,  and  He  are  concyclic. 
.*.  Z  B-h  Z  HaHHe  =  180°  and 
.-.  Z  B-f-Z  UHH^-f  Z  HcHU  =  180°. 

So  then  Z  WHH^^^  +  Z  HcHU  =  180°,  which  proves  W,  H  and  U  collinear. 
Therefore  all  four  points,  W,  V,  H  and  U  must  be  collinear. 
Now,  PP2  is  !;  to  HH^^  for  both  are  JL  to  AC. 
.*.  A  PVX  is  isosceles,  and  PPj  ^=  P2X. 

Now,  Z  PzXVr^  Z  POP,  and  P,  P2,  C,  and  P,  are  concyclic. 
.-.   Z  PPoPi  =  Z  PCPi  =  Z  PaXV. 
.-.  PjPaPg  is  ItoUVW. 

From  this  we  can  also  see  that  Simson's  line  of  P  bisects  all  lines  from  P  to 
the  line  WVHD. 

14.  The  angle  between  the  Simson  lines  of  two  points  P  and  P'  is  equal  to  an 
Z  inscribed  in  the  circumcircle  with  PP^  an  arc  and  also  to  an  angle  inscribed  in 
the  nine-point  circle  with  arc  equal  to  the  part  of  the  circumference  incladed 
between  the  centers  of  their  Simson's  lines. 
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Draw  PH''  ( Fig.  7 ),  letting  it  cat  BC  in  XT'.  Then,  from  above  proposition, 
HV  II  to  Simson's  line  of  P'.     Also  IIU  [  to  Simson's  line  of  P. 

.• .  Z  (  S,  8^)  =  Z  (  HU,  HUO.  Now,  H  is  the  center  of  similitude  of  the 
circumcircle  and  the  nine-point  circle.  Draw  P^H,  letting  it  cut  the  Simson  line 
of  V  at  ly. 

Then  P  and  D,  P''  and  1/  and  W  and  Ha  are  corresponding  points. 
.-.  HaD  and   HalV  and   H'P  and   WF^  are  ij  lines,  whence   Z    DHaiy  = 
/  PH'P^  =  Z  IKHU. 

15.  If  P  and  Q  (Fig.  1 )  be  the  extremities  of  a  diameter  and  R  and  K'^  two 
other  opposite  points  such  that  PR  and  QR''  are  J.  to  Simson's  line  of  P  and  PR'" 
and  QR  are  J.  to  SimsonVline  of  R,  then  the  Simson's  line  of  R  is  parallel  to  PQ 
and  Simson's  line  of  R''  is  J.  to  PQ. 

Since  the  angle  between  the  Simson's  lines  of  two  points  is  equal  to  an  angle 
inscribed  in  the  arc  between  them,  we  know  that  Z  ZXY  =  Z  YQZ.  Also 
ZX  ,  (iY. 

.•.  QZXY  is  a  parallelogram,  and  XY,  the  Simson's  line  of  R,  is  ;|  to  PQ. 
Then  it  follows  that  Simson's  line  of  R  is  J.  to  PQ,  since  it  is  conjugate  to  Simson's 
line  of  R. 

16.  If  £S  and  FS  ( Fig.  3)  are  the  Simson's  lines  of  opposite  points  on  the 
circumcircle,  and  EF  be  any  other  Simson's  line,  then  T^'E  =  T^F  =  T^'S,  where 
T^  is  the  center  of  the  last  named  Simson's  line. 

Z  T^ED  =  Z  T'SD  ( a  previous  proposition ). 

.  • .  T^E  =  T^S.     In  like  manner  we  can  show  T^F  =  T'S.     .  • .  T^E  =  T^F. 
The  Simson's  lines  of  opposite  points  on  the  circumcircle  are  said  to  be 
conjugate, 

17.  The  arc  between  the  vertices  of  two  Simson's  lines  (not  conjugate)  is 
twice  as  lar^e  as  the  arc  between  their  centers.  For  ET^'S  is  an  isosceles  / 
and  Z  ET^S  — 2  T^ST.  But  ET^S  =  S^T^S.  .-.  arc  SS'  =  2  arc  TT.  Now 
suppose  T^S  is  less  than  R  (it  never  can  be  greater),  then  S'"^  could  be 
another  point  on  the  nine-point  circle  such  that  T^'S'^  =  T^'S  and  Z  ES'^'F  would 
also  be  a  right  Z  •  It  is  thus  evident  that  there  are  always  two  pairs  of  conjugate 
Simson's  lines  passing  through  E  and  F. 

The  limit  of  EF  is  2R. 

For  when  S  and  S^'  coincide  at  S^'^  T'S^^'  =  T^E  =  T'F  =  r.  lu  this  case 
we  have  but  one  pair  of  conjugate  Simson'.s  lines. 

18.  If  two  Simson's  lines,  SD  and  S^^iy^^  which  are  not  conjugate,  cat  a 
third  Simson's  line,  T^S^,  at  equal  distances,  E  and  F,  from  its  center,  T^,  then 
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the  line  joining  the  point  of  intersection,  K,  of  SD  and  S^^IX^  with  S^  the  Tertex 
of  T^S''  is  a  Sim  son's  line  conjugate  to  T^S^. 

Let  ES  and  FS^''  intersect  at  K,  and  ES'^  and  FS  intersect  at  N  (Fig.  3). 
Since  the  pair  of  lines,  ES,  FS  and  ES''^,  FS'"'"  are  conjugate  Simson's  lines,  thej 


^^> 
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are  1  to  each  other,  or  E8^'  and  FS  are  altitudes  in  the  A  EKF.     Therefore  KN 
is  the  third  altitude,  and  we  may  prove  S'  to  be  the  foot  of  this  altitude  on  EF. 

The  nine- point  circle  of  the  A  A.BC  passing  through  the  feet,  8  and  8^',  of  the 
two  altitudes,  and  through  the  middle  point,  T'',  of  one  side  of  the  A  EKF,  must 
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be  also  the  nine-poiDt  circle  of  the  /\  EKF,  and  therefore  the  second  intersection 
of  the  niriC-point  circle  with  the  side,  EF,  must  be  the  foot  of  the  altitude  to  EF, 
or  KS^ 

Hence  S'^  is  the  foot  of  the  altitude  KN.  But  any  side  and  its  altitude  is  a 
pair  of  conjugate  Simsou's  lines,  and  since  EF  is  a  Simson's  line  of  a  point  on  the 
circumcircle  of  ABC,  KN  is  the  Simson's  line  conjugate  to  EF. 

Any  triangle  like  EKF  formed  by  three  Simson's  lines,  the  altitudes  of  which 
are  Simeon's  lines  conjugate  to  the  sides,  and  having  the  nine-point  circle  in 
common  with  the  triangle  ABC,  we  shall  call  a  Sinuton  Triangle, 

Since  the  nine-point  circle  is  common  to  both  triangles  ABC  and  EKF,  the 
radius  of  the  nine-point  circle  is  one-half  the  radius  of  the  circumcircle  of  either 
triangle;  therefore  the  radius  of  the  circumcircle  of  any  Simson  triangle  is  equal 
to  the  radius  of  the  circumcircle  of  the  original  triangle. 

19.  The  common  vertex  S^'''^  of  the  pair  of  limiting  Simson's  lines  belonging 
to  TS  is  on  the  same  straight  line  as  K,  N  and  S^  For,  since  T'^S'"'^'^  is  a  diameter 
of  the  nine-point  circle,  z  T^S^S^^' =  90°,  or  S'S^^^  1  to  EF.  .'.  S^^^  is  on  the 
altitude  KS^ 

20.  A^'',  B'^  and  C^^  are  points  on  the  circumference  opposite  Ha'',  Hb''  and 
H/  respectively.  (Fig.  5.)  Prove  that  the  Simson's  lines  of  A'',  B'",  and  C/^  are 
ij  respectively  to  A  A'',  BB''''  and  CC''''  and  that  they  are  J.  respectively  to  B''''0''', 
A''''C'''',  A'^^'B''''.  Now  the  angle  between  the  Simson's  lines  of  A  and  A^^  will  be 
equal  to  an  angle  measured  by  i  arc  AA'^''.  But  the  angle  between  AA''  and 
A  Ha,  the  Simson's  line  of  A,  is  measured  by  an  arc  equal  to  this.  Therefore  Sim- 
son's  line  of  A^^  is  ||  to  A  A''.  So  the  Simson's  line  of  B'^  is  |!  to  BB'^  and  Simson's 
line  of  C^'iltoCC^ 

Now  arc  Hb^  CB^^  =  arc  H/  BC^^  =  180°. 

.  • .  arc  Hb^  CC^^  —  arc  He'  BH'^ 

.  • .  Hb'  He'  II  B''  C',  also  Hb'  Ha'  ||  A'^  B"  and 

Ha'  He'  ii  A"X".  Therefore  A  A"  B"  C"  is  equivalent  to  A  Ha'  Hb'  H/, 
being  inscribed  in  same  circle  and  having  sides  equal  and  parallel. 

Z  He'lCA  =  Z  Hb'  BA.     (From  similarity  of  As  ABHb  and  ACHc). 

.  • .  arc  AHb'  =  arc  A  He',  .  ' .  since  A  A'  is  a  diameter  it  must  be  J.  to  chord 
He'  Hb'  and  therefore  to  B"  C".  So  we  may  prove  BB'  1  A"  C"  and  CC^  1 
A''  B". 

21.  The  Simson*s  lines  of  Ha' Hb' H/ form  a  Simson's  triangle  XYZ  of 
which  the  Simson's  lines  of  A",  B",  C"  are  the  altitudes,  A",  C",  B'^  being 
points  opposite  Ha',  Hb',  H/  respectively. 
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Let  Simson's  lines  of  ttb^  He',  and  H/,  Ha'  and  Ha',  Kb'  concur  in  X,  Y, 
and  Z  respectively. 

The  Simson's  lines  of  A"  and  Ha',  of  B"  and  Ht/,  and  of  C"  and  He'  are  con- 
jugate, therefore  their  intersections,  u,  v,  and  w  will  lie  on  the  nine-point  circle 
of  rt  A  ABC.  The  Simson's  lines  of  Ha',  Hb'  and  H/  must  pass  through  Ha,  Hb, 
He  respectively  and  therefore  rt  j;}^  XYZ  must  have  the  same  nine-point  circle  as 
^  ABC.  Now  since  Ha,  Hb  and  Ho  caji  not  be  the  feet  of  altitudes  they  must  be 
the  midpoints  of  the  sides  and  therefore  u,  v  and  w  must  be  the  feet  of  altitudes. 

Thus  the  four  points  of  concurrency  are  established,  namely  X,  Y,  Z  and  S". 
S",  being  formed  by  the  intersection  of  the  altitudes  of  A^  XYZ,  is  the  ortho- 
center  of  the  same. 


® 
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Tl.  If  R,  P  and  Q  (Fig.  8)  be  taken  as  the  midpoints  of  arcs  BC,  AC  and  AB, 
respectively,  and  R',  P'  and  Q'  be  the  points  on  the  circumference  opposite  R,  P, 
and  Q,  then  the  Simson's  lines  of  R,  P,  and  Q  will  form  a  J\  XYZ,  the  altitades 
of  which  will  be  the  Simson^s  lines  of  R',  Q'  and  P'. 

It  may  be  assumed  that  XYZ  is  the  triangle  formed  by  the  intersection  of  the 
Simson  lines  of  R,  P  and  Q.  That  the  Simson's  line  of  Q'  is  the  altitude  on  side 
XZ  may  be  establinhed  thus: 

L  AQbQe=  Z  A-  Z  AQxjQb. 
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But,  since  Q,  Qc,  A,  and  Qb  are  concyclic,  Z  AQbQc=  Z  AQQc,  which  is 
measured  bj  i  arc  AQ^. 

Also,  since  Q,  B,  Qa,  and  Qc  are  concyclic,  Z  BQQc  =  180°—  Z  BQaQc. 

.*.  Z  QcQaC=  Z  BQQc,  which  is  measured  by  i  arc  BQ^.  But  arc  BQ^-::^ 
arc  AQ^ 

(A.)     .-.  Z  AQbQc=  Z  CQaQc. 

But  Z  AQbQc=  Z  A—  Z  AQoQb,  and 
Z  CQaQo=  Z  B-f  Z  BQcQa. 
=  Z  B+  Z  AQcQb. 

Now  the  Simson's  line  of  Q^  is  J.  to  QbQ*  the  Simson's  line  of  Q,  at  Qc,  and 
Z  AQcPb  =  Z  Band  Z  BQcRa  =  Z  A.  And  from  (A.)  we  know  that  Z 
Q'bQcPb  =  Z  QaQoRa,  .-.  Z  PbQcH^  =  Z  RaQcH^  and  thus  Simson's  line  of  Q' 
is  proven  to  be  the  internal  bisector  of  Z  Qo  in  rt.  ^  BaPbQc.  In  like  manner 
the  Simson's  line  of  R'^  may  be  proven  to  be  the  internal  bisector  of  Z  Ha,  and  Sim- 
son's  line  of  P^,  the  internal  bisector  of  Z  Pa  of  same  triangle.  Since  the  Sim- 
son's  lines  of  Q,  R,  and  P  are  J.  to  these  internal  bisectors  at  the  vertices  of  the 
Z^,  they  must  be  the  external  bisectors  of  the  same  angles.  But  we  know  that  the 
internal  and  external  bisectors  of  the  Zs  of  a  triangle  concur  in  four  points. 
Thus  X,  Y,  Z  and  H^  are  each  points  of  concurrency  of  three  Simson's  lines. 
H'',  of  course,  is  the  ortho-center  of  A  XYZ. 

23.  A  XYZ  has  the  same  nine-point  circle  as  A  ABC  and  is  therefore 
inscribable  in  the  same  sized  circle  as  rt.  A  ABC. 

That  it  has  the  same  nine-point  circle  follows  easily  from  the  fact  that  three 
points  that  must  lie  on  its  nine-point  circle,  the  feet  of  its  altitudes,  are  coincident 
with  three  points  on  the  ABC  nine-point  circle,  the  midpoint  of  its  sides.  Since 
three  points  determine  a  circle,  their  nine-point  circles  must  be  identical. 

24.  The  Simson's  line  of  P  is  Jl  to  RQ,  Simson's  line  of  R  is  ,  to  PQ,  and 
Simson's  line  of  Q  is  „'  to  RP. 

The  Simson's  line  of  R  will  be  J.  to  Simson's  line  of  R'',  so  let  us  prove  Sim- 
son's  line  of  R'  ±  to  PQ^. 

Now,  the  Simson's  line  of  R''  will  be  J.  to  the  line  isogonal  conjugate  to  AR'' 
which  we  call  AT.     Then  let  us  prove  AT  I',  to  PQ. 

To  be  ,,  Z  A  DP  must  =  Z  CAR^ 

Z  A  DP  is  measured  by  i  arc  ( AP  +  BQ) . 

Z  CAR^  is  measured  by  i  arc  CR^ 

Arc  AP==arc  CP,  and  i  arc  BQ  measures  J  Z  C. 

ft— SCIRVCB. 
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Now.  I  PRR'  =  BO''— I'R'R. 

=  iC. 
.-.  arc  BQ  =  McPE',  and  BO   Z    ABP=ZCAE'.     Hence  AT  »  i  PQ  uid 
.'.  SimsOQ's  line  of  B  U||  toPQ.     In  like  manner  we  iubt  prove  SimwD's  line  of  P 
I!  to  SQ,  and  Simaon's  line  of  Q  ]'  to  RP. 


25.  Tbe  Simaon's  lines  of  H,",  Hb",  H/'  (Fig.  «)  with  retpect  to  A 
HiHbKg,  inscribed  in  tbe  nine-point  circle,  form  >  rt.  ^  XYZ,  the  *ltitadM  of 
whicb  are  (he  Simion's  lines  of  Mk,  Mb  and  Mc  with  respect  to  the  game  rt.  i\. 

H,  the  orlhocenler  of  ^  ABC,  ia  the  ini-enter  of  A  H.HbH,^,  for  Ze  AHcH 
and  AHbH  being  right  ^a,  A,  Hr,  H  and  Hb  are  conuyclic  with  AH  ai  diuneWr. 
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Hft''^,  being  midpoint  of  AH,  is  the  center  and  therefore  chord  Hft^^'Hb  =  chord 
Ha'^Hc.  Therefore  IlaHa^'  bisects  Z  Ha,  HhHj/"  bisecU  Z  Hb,  and  HcH/' 
bisects  Z  He. 

Ha'''',  Hb'^  and  H/^  are  points  on  the  nine-point  circle  opposite  Ma,  Mb,  Mo, 
respectively,  for,  since  MMa  and  HaHa''''  are  I,  and  the  center  of  the  nine-point 
circle  is  F,  the  midpoint  of  MH,  a  line  from  Ma  through  F,  will  meet  AHa  on  the 
circumference  of  the  nine-point  circle,  necessarily  at  Ha^^  In  like  manner  Hb^' 
can  be  shown  to  be  opposite  Mb,  and  ¥L^^  opposite  Mc. 

This  proves  Ha^'^'Hb''  I!  to  MaMb  and  equal  to  it,  and  therefore  n  to  AB, 
Hb'Ho'  equal  to  MbMc  and  parallel  to  both  MbMc  and  BC,  and  H/^H/^  equal  to 
McMa  and  parallel  to  both  McMa  and  CA. 

Now,  the  Simson's  line  of  Ma  will  be  X  ^o  BC  and  i  to  AHa,  for  HaC  is  isogo- 
nal  conjugate  to  HaMa  since  AHa  bisects  Z  HbHaHu,  thus  making  Z  CHaHb  = 
Z  MaHaHc.  Therefore  the  Simson^s  line  of  Ha^'',  since  it  is  conjugate  to  Simson's 
line  of  Ma,  is  H  to  McMb,  Hb^'^'Hc  and  BC.  In  like  manner  we  can  prove  the  Sim- 
son's  line  of  Mb  X  A.C  and  '!  to  BHb  and,  therefore,  the  Simson's  line  of  Hb''^  i'  to 
MaMc,  H/''Ha^''  and  AC;  and  Simson's  line  of  Mc  X  AB  and  j  to  CHc  and,  therefore, 
the  Simson's  line  of  11/'  I!  to  MaMb,  Hb'^Ha^^  and  AB. 

Now  /\  MuaMubMHc  is  oppositely  similar  to  /\  HaHbHc.  Also,  from  what 
we  have  proven  before,  the  Simson's  lines  of  Ma  and  Ha''^  must  both  pass  through 
Mh*.  Then  the  Simson's  line  of  Ma  being  ||  to  AHa,  will  bisect  Z  Mub'MuaMHc 
In  like  manner  we  can  show  that  the  Simson's  lines  of  Mb  and  Mc  bisect  Zs  Mua 
MubMHi'  and  MiiaMHcMHb.  Now  the  Simson's  lines  of  Ha''^,  Hb^''  and  Hc^^areX 
to  Simson's  lines  of  Ma,  Mb  and  Mc,  respectively,  and  therefore  they  are  the  exter- 
nal bisectors  of  the  Z  s  of  the  rt.  /\  Mha  Mnb  Mhc  .  Since  the  internal  and  ex  ternal 
bisectors  of  a  /\  meet  by  threes  in  four  points,  we  may  conclude  the  Simson's  lines 
of  Ma,  Hb''^  and  Hc^''  concur  in  X,  Simson's  lines  of  Mb,  Hc''^,  and  Ha''^  concur  in 
Y,  Simson's  lines  of  Mc,  Ha^^,  and  Ilb^^  concur  in  Z,  and  Simson's  lines  of 
Ma  Mb  Mc  concur  in  S''''.     S''^'',  we  see,  is  the  orthocenter  of  /^  XYZ  and  in-center 

of  A  MHaMHbMHc 

A  XYZ  has  its  sides  ||  to  sides  of  _'\  MaMbMc  and  oppositely  ||  to  /\S  Ha^^Hb^'' 
Hc'^  and  ABC. 

26.  Let  us  prove  A  XYZ  equivalent  to  As  M»MbMc  and  Ha^^Hb^^He'^  and, 
therefore,  inscribable  in  the  nine-point  circle. 

A  MHaMHbMHc  bears  the  same  relation  to  A,  XYZ  that  A  HaHbHc  does  to 
A  ABC.  Tlierefore,  since  A  MnaMnbMHc  is  i  the  size  of  /\  HaHbHc,  A  XYZ 
must  be  J  the  size  of  rt.  A  ABC  and  thus  equivalent  to  A  MaMbMc,  and  rt.  A  H*''' 
Hb'^^Hc''''  and  hence  inscribable  in  the  nine-point  circle  of  the  fundamental  A* 
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27.  If  Hft^^^  Hb^^^  H/^^  are  the  points  on  the  nine-point  circle  opposite 
Hft  Hb  and  He  respectively,  then  the  Simeon's  lines  of  Mc,  H/'',  and  Ho^^^  concur 
in  Muc,  for  Ha  Hb  is  Simson's  line  of  Hc^^''.  Likewise  the  Simson's  lines  of  Mb, 
Hb^''  and  Hb^^''  concur  in  Miib  and  the  Simson's  lines  of  M*,  H*''^,  and  H/^^  con- 
cur in  Mfia. 

28.  Now  considering  Ma  Mb  Mc  as  the  reference  A  in  the  nine-point  circle, 
let  us  prove  that  the  Simson's  lines  of  these  same  points,  t.  e.,  Mc,  Hc^'^  and  Hc'"''^, 
etc.,  concur. 

Chord  Mc  Hc''''^  is  1 1  He  Hc''^  and  .  • .  X  to  Ma  Mb.  This  is  true  because  Z  He 
Mc  Hc^^^  is  a  right  Z . 


The  Simson's  line  of  Mo  will  be  this  chord  Mc  Hc''''^  the  Simson's  line  of  H 


/// 
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will  pass  through  £,  the  foot  of  this  altitude,  and  the  Simson's  line  of  Hc^''  will 
be  side  Ma  Mb  since  it  is  a  point  opposite  the  vertex  Mc. 

So,  also,  the  Simson's  lines  of  Mb,  Hb^^  and  Hb'^^''  will  concur  in  R,  and  the 
Simson's  lines  of  Ma,  Ha^^,  and  Ha''''''  concur  in  S. 

29.  Now  by  noticing  the  lettering  and  arrangement  of  (Fig.  17)  it  will  be 
seen  that  Ha^^^,  Hb^^'  and  Hc^^^  correspond  to  Ha^  Hb^  and  Hc^  of  that  figure, 
and  that  H.,  Hb,  and  He  correspond  to  A''^,  B'^,  and  C'^  of  that  figure.  There- 
fore we  know  at  once  that  the  Simson's  lines  of  Ha,  Hb  and  Ho  and  of  Ha^''^» 
Hb^^'  and  H/'^^  concur  just  as  in  that  case  by  threes  in  four  different  points,  the 
point  of  concurrency  of  HaHb  and  He  being  the  ortho-center  S''^'  of  the  triangle 
formed  by  the  intersection  of  the  Simson's  lines  of  the  other  three  points. 

30.  Also  since  ,A  Ha'^'Hb'^Ho''''  and  points  Ha,  Hb  and  He  bear  the  same  re« 
lation  to  the  nine  point  circle  that  A  ABC  as  points  Ha^,  Hb^,  and  He^  do  to  the 
circle  in  Fig.  5,  it  follows  at  once  that  what  was  true  of  the  Simson's  lines  of 
those  points  is  also  true  of  these. 

Depending  upon  this  same  comparison  between  Figs.  5  and  9  it  follows  that 
the  Simson's  lines  of  points  A,  B  and  C  in  Fig.  5  concur  at  in-center  of  rt.  A 

Ma"Mb"Mc". 

31.  Now  let  us  prove  that  S'''^  (Fig.  5),  the  point  of  concurrency  of  Simson's 
lines  of  A'''',  B^\  C\  is  also  the  in-center  of  A  Ma'  Mb  "Mc". 

We  have  already  proven  that  the  Simson's  lines  of  Ha'',  Hb'  and  Ho^  form  a 
Simson  triangle  XYZ,  of  which  the  Simson's  lines  of  A^',  \!/^  and  Of'  are  the  alti- 
tudes, and  that  A  XYZ,  is  equivalent  to  A  A^^B^^'C  with  their  sides  respect- 
ively I;.  Now,  since  Ha,  Hb  and  He  are  the  midpoints  of  the  sides  of  A  XYZ, 
A  HaHbHc  will  be  equal  in  every  respect  and  similarly  placed  to  A  Ma^Mb^Mc". 
We  have  also  proven  H  to  be  the  in-center  of  this  A  HaHbHc.  Again,  since  the 
Simson's  lines  of  kf\  V/'  and  C'  bisect  k''  H,  B'"  H  and  Q.''  H,  respectively,  itU 
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clear  that  if  /\  XYZ  were  to  be  given  the  rank  of  rt.  Z  k.'^'W^C  and  a  new  one 
were  to  be  formed  from  it,  as  it  is  formed  from  Z  k.^'^^^Qf\  then  the  point  S^'' 
would  fall  upon  H.  Therefore,  since  H  is  the  in-center  of  [^^  HaHbHc,  8''''  must 
be  the  in-center  of  A  Ma''Mb"Mc". 

Therefore  we  see  that  the  six  Simson's  lines,  three  with  reference  to  one  A 
and  three  with  reference  to  the  other,  meet  in  the  same  point. 

32.  This,  at  the  same  time,  establishes  another  even  more  interesting  propo-^ 
sition,  namely  :  If  the  Simson's  lines  of  the  vertices  of  a  first  A  with  reference  to- 
a  second  /\,  concur  in  a  point  S""^,  then  the  Simson's  lines  of  the  vertices  of  the 
second  /^  with  reference  to  the  first  /\  concur  in  the  same  point  S''''. 

The  broad  scope  covered  by  this  proposition  would  enable  me  to  double  in- 
number  the  points  of  concurrency  of  Simson's  lines,  but  there  would  be  little 
benefit  in  merely  pointing  them  out,  as  the  interested  reader  can  easily  see  them 
for  himself. 


A  BlBLIOr^RAPHY  OF  FOUNDATIONS  OP  GEOMETRY.      By  MorTON  ClARK  BrADLEY. 

Euclid's  treatment  of  parallels  and  angles  and  his  definitions  and 
axioms— particularly  his  twelfth— are  the  points  of  controversy  that  cause 
the  most  discussion.  For  nearly  twenty  centuries  Euclid's  work  remained 
unquestioned.  Since  John  Kepler's  day,  however,  there  have  been  new 
theories  constantly  advanced,  theories  built  on  axioms  and  definitions, 
a  part  of  which,  at  least,  are  different  from  those  of  Euclid.  The  most 
Important  of  the  non-Euclideans  are  John  Bolyai,  Lobatschevski,  Helm- 
holtz,  Riemann,  Clifford,  HenricI,  Caley,  Sylvester  and  Ball.  The  most 
prominent  exponent  of  the  non-Euclidean  ideas  in  this  country  is  Prof. 
Geo.  Bruce  Halsted,  of  Texas  University.  These  mathematicians  hold 
that  Euclid's  twelfth  axiom  is  not,  strictly  speaking,  an  axiom— that  it  is 
not  "a  self-evident  and  necessary  truth,"  but  that  it  requires  demonstra- 
tion. They  claim,  too,  that  his  definitions  are  not  sufficient  nor  necessarily 
intelligible.  Some  of  these  men  have  built  up  new  theories  upon  their 
substituted  axioms  and  definitions,  retaining  those  of  Euclid  that  fit  their 
theories.  A  few  of  these  "reform"  works  are  mere  quibbles  on  words,  but 
others  deserve  the  serious  consideration  of  all  interested  in  pure  geometrj*. 

The  Ust  following  is  a  complete  list  of  English  references  to  be  found 
in  the  mathematical  library  of  the  University  of  Indiana  or  in  the  private 
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library  of  Dr.  Aley.  Ghrystal  says  the  bibliography  credited  to  Mr.  Hal- 
sted  contains  all  the  references  up  to  its  time,  save  one,  giving  the  non- 
Euclidean  arguments.  The  list  is  not  complete  in  arguments  for  Euclid, 
it  being  impossible  to  enumerate  all  the  editions  of  Euclid,  edited  and  up- 
held by  the  different  mathematicians.  The  list  is  complete  enough,  how- 
ever, to  assure  the  reader  that  there  are  arguments  for  Euclid  as  well  as 
against  him. 

1.  T.  S.  Aldis:    "Remarlts  on  the  Teaching  of  Geometry.** 

2.  Isaac  Barrow:     "Mathematical  liCCtures,"  London,  Stephen  Austen. 

1734. 

3.  Arthur  Caley,  Collected  Papers  of.  Vol.  II,  pp.  604-6;  Vol.  V,  p.  471; 

Vol.  VIII,  XXXIII- V,  pp.  409-13;  Vol.  XII,  pp.  220-38;  Vol.  XIII, 
p.  480. 

4.  H.  W.  Chains:     "A  Letter  to  John  Stuart  Mill  on  the  Necessity  of 

Geometry  and  tlie  Association  of  Ideas,"  Oxford  and  London, 
James  Parker  &  Co.,  1867. 

5.  G.  Clirystal:    "Non-Euclidean  Greometry,'*  Edlnburg,  David  Douglas, 

1880;  "Presidential  Address,''  Bedford,  W.  J.  Robinson,  1887. 

6.  Thos.  CuUorin:    "A  paper  on  Parallels,"  Quar.  Jour,  of  Math.,  Vol. 

27.  pp.  188-225. 

7.  Edward  T.  Dixon:     "The  Foundations  of  Geometry,"  London,  Geo. 

Bell  &  Sons,  1801. 

8.  Charles  L.  Dodgson:    "Euclid  and  Ills  Modern  Rivals,"  Supplement 

to  "Euclid  and  His  Modern  Rivals,"  London.  Macmillan  &  Ck>., 
1885;  "A  New  Theory  of  Parallels,"  London,  Macmillan  &  CJo., 
1890. 

9.  Geo.  B.  Ilalsted:    "A  Bibliography  of  Hyper-space  and  Non-Euclidean 

Geometry,"  Amer.  Jour,  of  Math..  Vol.  I,  pp.  261-276,  384,  385;  Vol. 
II.  pp.  65-70;  "Elements  of  Geometry,"  New  York,  John  Wiley  A 
Sons,  1885.    (See  Lobatschewski.) 

10.  Henrici:    "Presidential  Address,"  Bedford,  W.  J.  Robinson,  1887. 

11.  J.  Larmor:    "On  the  Geometrical  Method,"  The  Math.  Gazette,  No.  7, 

April.  1896. 

12.  NIoolai  Ivaiiovich  Lobatschewski:     "New  Principles  of  Geometry," 

translated  from  the  Russian  by  G.  B.  Ilnlsted,  Austin,  The  Neo- 
mon,  1897;  "Geometrical  Researches  on  the  Theory  of  Parallels," 
translated  by  Halsted. 
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13.  J.  N.  Lyle:     "Euclid  and  the  Antl-Euclideans,"  St  Louis,  Frederick 

Printing  Co.,  1890. 

14.  F.  S.  Macaulay:    "Jolin  Bolyai's  'Science  of  Absolute  Space,* "  Math. 

Gazette,  Nos.  8  and  9,  July  and  October,  1896. 

15.  Simon  Newcomb:     "Elements  of  Geometry"  (appendix).  New  York, 

Henry  Holt  &  Co.,  1894. 

16.  Francis  Wm.  Newman:    "Difficulties  of  Elementary  Geometry,"  Lon- 

don, Longman.  Brown,  Green  &  Longmans,  1841. 

17.  Riemann:    "On  the  Hypotheses  which  Lie  at  the  Bases  of  Geometry," 

translated  by  Wm.  K.  Clifford.  Nature,  Vol.  VIII,  No.  183,  pp.  14-17; 
No.  l&i.  pp.  36,  37. 

18.  A.  W.  Russel:    "The  Foundations  of  Geometry,"  Cambridge,  Univer- 

sity Press,  1847. 

19.  Robert  Simson:    "Euclid."  Philadelphia.  Conrad  &  Co.,  1810. 

20.  W.  E.  Stor>':    "On  the  Non-Euclidean  Trigonometry,"  Amer.  Jour,  of 

Math..  Vol.  IV,  p.  332;  "On  Non-Euclidean  Geometry,"  Amer.  Jour, 
of  Math.,  Vol.  V,  p.  80;  "On  Non-Euclidean  Properties  of  Conies," 
Amer.  Jour,  of  Math.,  Vol.  V,  p.  358. 


Point-Invariants  for  the  Lie  Groups  of  the  Plane. 

By  David  A.  Rothrock. 

• 
Among  the  many  interesting  and  important  applications  of  Lie's  Theory  of 

Transformation  Groups  none  deserves  more  prominent  mention  than  the  applica- 
tion to  invariant  theory.  Whether  the  invariants  dealt  with  be  functions  or 
equations,  surfaces  and  curves  or  points,  equally  interesting  results  are  obtained. 
The  present  paper  has  to  do  with  the  determination  of  the  point-invariants  for 
the  finite  continuous  groups  of  the  plane  as  classified  by  Lie  in  Vol.  XVLof 
the  Mathematische  Annalen.  In  the  first  part  of  the  paper  is  sketched  a  brief 
outline  of  the  Lie  theory  leading  up  to  the  point-invariant,  then  follow  the 
calculatiouR  of  the  invariant  functions. 

An  infinitesimal  point-transformation  gives  to  z  and  y  the  increments 

i^x  =  ^(x,  y)(Jt,  (Jy  =  i7.(x,  y)(5t, 
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respectiveij,  where  ^t  U  an  iDfinitesimal  independent  of  z  and  7.     Sach  infinites- 
imal transformations  move  a  point  z,  7  through  a  distance 


|/<Jx2  4-  6ji  =  y/P  -\-  ;/»•  rft, 

and  in  a  direction  given  b7 

The  variation  of  an7  function  9  (z,  7)  b7  this  infinitesimal  transformation  is 
given  b7  d<l>  .    ^d^  .         ;„,        .   d<l>  .       .        .d9\.,^ 

The  variation  of  a  function  f  (z,  7)  ma7  be  taken  as  a  definition  of  an  infin- 
itesimal transformation ;  in  the  Lie  notation  we  have  an  infinitesimal  transforma- 
tion defined  by  -vj?         ^  ,        .  di    ,      ,        ,  di 

Xf  =  .-(z,7)^4-v(z,7)^^. 

If  a  function  ^(z,  7)  is  to  remain  invariant  b7  the  operation  Xf,  then  the 
variation  rf  d  (z,  7)  1=  X  ^  .  r5 1 

must  vanish.      Hence,  a  function  ^  (z,  7)  invariant  b7  the  infinitesimal  trans- 
formation Xf  is  determined   as  u   solution  of    the  linear  partial   differential 

equation  v-P     •-  /        ^    dl  ,        .   di       ^ 

ax  dj 

The  infinitesimal  transformation  X  f  ma7  be  ertendedio  include  the  increments 

of  the  co-ordinates  of   an7  number  of  points  zi,  71,  (i  =  l,  2 n).     We  shall 

write  this  eztended  transformation  thus : 

W  f  —  |iX«'f -3  h{^  (".  y)  ^,  +  '/  (X.,  y.)  ^) (2) 

The  functions  of  the  co-ordinates  of  n  points  invariant  b7  Wf  will  be  the 
2  n — 1  independent  solutions  of  Wf  =  0.  n  of  these  solutions  ma7  be  selscted 
in  the  form  0  (zi,  71),  where  ^  (z,  7)  is  a  solution  of  X  f  =  0;  the  remaining  n-1 
solutions  will  in  general  diflfer  from  d  (z,  7)  in  form.t 

r  infinitesimal  transformations  Xjf,  X^f  ....  Xrf  are  called  independaU  when 
no  relation  of  the  form 

Ci  Xj  f  +  C.J  Xj  t "+ +  CrXrf  =0,  (ci  =  const.), 

ezists.     If   r  independent  infinitesimal   transformations   Xkf,  (k  =  l. .  .r),  be  so 

related  as  to  form  a  group,  then  will 

^  r 

Xj  (X^f )  —  Xjj(Xjf)^fii8  CikiXgf,  (cik*— constants)   ...  (3) 

1 

~  jr       If 

'^Throughout  thif>  paper  j-^  -,    are  employed  to  denote  partial  differentials  of  f  with  rt- 

ax  ay 

8pe«'t  to  X  and  y. 

t  Lie  :    Theorie  der  Transformatiunsgruppen,  Bd.  I.,  g  59. 
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The  transformations  of  the  r-parameter  group  Xkf  may  be  extended  according 
to  the  method  of  (2)  above,  giving 

Wkf=liX<i^f,  (k  =  l....r), 
1 

which  determine  the  increments  of  a  function  f  (Zj,  y^ ;  Zj,  72;  ••••  Zn,  jn). 

Since  the  relations  (3)  ezist  for  Xif,  Xkf,  they  must  also  ezist  for  Wif,  Wkf,  that  i» 

w,(W,f )  -  w,(  w,f )  ^  i.  e...  w.f. 

1 

Hence,  Wif  =  0,  Wjf  =  0,  . . .  Wrf  =  0  are  known  to  form  a  complete  system 
of  linear  partial  differential  equations  in  2n  variables  zi,  ji,  with  at  least  2n  —  r 
independent  solutions.  These  2n — r  solutions  are  the  invariants  of  the  co-ordi- 
nates of  n  points  by  the  r-parameter  group  Xkf.  These  solutions  we  shall  cal> 
pairU-invarianU. 

According  to  the  method  here  outlined  we  shall  determine  the  point-invariani^^ 
of  the  finite  continuous  groups  of  the  plane.  In  Lie's  classification  these  groups 
are  divided  into  two  classes:  (1)  Inprimitive,  or  those  groups  which  leave 
invariant  one  or  more  families  of  00'  curves;  ^2)  Primitive,  or  those  groups  leav- 
ing invariant  no  family  of  00^  curves.  Subdivisions  of  the  imprimitive  groups  will 
be  indicated  in  the  text. 

NoTC— The  results  of  the  present  paper  were  worked  out  early  in  the  spring  of  1898. 
Since  that  time  there  has  appeared  a  short  article  by  Dr.  Lovette,  June  number,  1896,  of 
Annals  of  Mathematics,  upon  the  same  subject.  Only  a  few  of  the  projretivt  groups  are- 
considered,  however.    Among  these  are  the  special  linear,  and  general  linear  groups. 


SECTION   I.      INVARIANTS    OF    SUCH    IMPRIMITIVE    GR0ll»8    AS    LEAVK  rNCHANOEIV 

MORE  THAN  ONE  FAMILY   OF   Oo^  CURVES. 

The  groups  of  this  category  have  been   reduced  by  Lie  to  such  canonical 
forms  that  thev  leave  invariant: 

(A)  00**  of  families  of  qc'' curves:  ^  (z)  +  V' (7)=  constant, 

(B)  A  single  infinity  of  families  of  00''  curves:  az  +  by  =  constant, 

(C)  Two  families  of  00''  curves:  z  =  ^  constant,  y= constant. 

( A )     The  totality  of  curves  ^  (x  )-[-•/'  (v)  ^  constant  remain]^  inmriant. 
1.      —  * 


*Lie  employs  this  symbol  to  enclose  the  members  of  a  continuous  group; 

^       rff  di 

</x  (1y 
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This  is  the  only  group  of  the  class  (A),  and  furnishes  us  when  extended  the 
linear  partial  differential  equation 

1 

The  invariants  of  the  co-ordinates  of  n  points  hy  this  group  will  be  the  2n  —  1 
independent  solutions  of  Wf  =  0,  »*.  ♦». 

^1.  V'J~y,— yj,  (i  =  l n,  j^2 n). 

B.     AUfamiiies  ofcurret^  of  the  fonn  ax  -f-  by  :=  constant  remain  invariant. 


The  complete  system  corresponding  to  this  group  is 

'  W.f  -  =  2.  #  =  0,  W,f  .    i'i  ^  -  0, 

with  solutions 

01  =  Xi  —  xj,  V'j=^yi  —  yj,  0  =  2  —  n). 

The  functions  o,  v''  are  the  required  invariants. 


3.      I  q,  xp  f  yq    . 
From  this  group  we  have 

These  two  linear  partial  differential  etiuations  evidently  have  as  solutions 

C.~!LL>  uk  — li^^-'^T—  y'L—Jlf  (j--2...  n,k  =  3...  n), 
J        Xj  yi  —  Vi  XI 

which  are  the  invariants  sought. 
4. 


p,  q,  xp-f  yx  .. 
This  three-parameter  group  furnishes  us  the  complete  system 


:^,  di    ^.  c/f    ^-«.  f    df       dt] 


y  =0. 


The  first  two  of  these  equations  have  solutions 

9j  =  xi— XJ,  Vl^yi  — yj,  (j— 2  ..  n), 
which  as  new  variables  reduce  the  last  equation  to  the  form 


"     (       df         ,    di)       ^ 


Hence,  the  invariants  are 

TT      ^k     XI  — xk  ,,      V'k     yi  — yk         yi  — y«   ,.      o        \ 

Uk=  J-— -    ,  Vk=  -7  —  -    — ~-y  (T-  •—   -^   ,    k=3  ...  n). 

<h  XI  —  X2  VS  yi  -  -  V2  XI  —  XJ 
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(C. )     The  families  of  curves  x  =i  constant^  y  =.  canstarUy  remain  inixiriant. 
5. 


q.  yq 


The  complete  8ystem  corresponding  to  this  group, 

I     ayi        ^         dyi 
has  afl  solutions 

XI,  and  i'k=  (yi  —  yk)  :  (yi  —  y2),  (i  =  1 n,  kr=3 n). 

Hence,  xi  and  i>k  are  the  invariants. 


6.     q,  yq,  y*q 


This  is  the  general  projective  group  in  one  variable,  and  leaves  invariant  Xi 
and  the  cross-ratios  of  any  four  ordinates. 

^-.   rff        ^.       di        y^,     ^  d( 

J     dyi       J    ^  (fyi        J     -^    dyi 

The  first  two  equations  of  this  system  have  solutions  xi,  V^  of  5  above.     In- 
troducing these  solutions  as  new  variables  in  the  last  equation,  we  have 


whose  solutions  are 


n  »£ 

^kVicCV'k  — l):7:r=0, 

3 


dtk 


,,  f,  =  Vl^  :  V^ipL  =  llZlZL  :  Zi^lIL,  (,  =  4  . . . .  n). 


f  3 


72      7i   yi      ya 


/. 


q.  yq.  p 


This  group  leaves  invariant 

"/'k  =  (yi— yic)  :(yi  —  y2),  and<>j  =  xi 


—  xj,  (k  =  3  ....  n,  i  =  2 n). 


8. 


q.  yqt  y'q»  p 


The  invariants  of  this  group  are  clearly 


c.  —  ya~y> .  yi— y^ 

Ji     yi        7a 
oj  =  X 1  —  X),  as  in  7. 


ii  T=:  -^-^  — —' :   '— =—f  as  in  6,  and 

72       7i     yi        7a 


9. 


q,  p,  xp  -t-  cyq 


The  solutions  Vj  =  yi  —  yi,  0J  =  xi  —  xj    of  the  first  two  equations  obtained 
from  this  group,  when  introduced  in  the  last  one,  give 


n 
2 
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The  required  inyariante  of  the  group  may  now  be  chosen  as 


XI  —  X2 


yi  —  yj 


yi  — yj 


n). 


10. 


q.  yq,  p,  xp 


Comparing  this  group  with  7,  we  have  at  once  the  invariants 


Uk  = 


XI  —  Xk 

> 

XI    —   X2 


Vk=Zi ^»    (k==3  ...  n). 


yi— ys 


11. 


q.  .vq*  y*4.  p,  xp    . 


By  comparison  with  8  and  10,  it  will  be  seen  that  this  five-parameter  group 
leaves  invariant 

-        ys  —  yi     ya  —  7»    tt       ^i — ^^  /i      *  i      o  x 

^1= —: =^-»    Uk  =  — ^ -,  (1  =  4  ...  n,  k=»3,  ...  n). 


yi— yi    Xi  — ys 


X2 


12. 


qi  yqt  y^<i.  p,  xp,  x^p   \. 


Comparing  with  6,  it  will  be  seen  that  this  group  leaves  invariant  the 
ratios  of  any  four  abscissas,  and  ordinates: 

V2  —  yi    yi  — VI  X2  —  XI    X,  —  xi 


fi 


y2  —  ys  yi  —  ys  X2  —  xs   Xj  — xs 


•(1=4  ..n). 


13. 


p  -f  q,  xp  -f  yq,  x2p-|-y5Jq      ,. 


This  group  furnishes  the  complete  system 
"^      '  df    .    df  1  "-..    1        di    ,         di  ^         "" 


df 


Selecting  ^  =r  xi  -  xj,  Vl  =  yi    -  yi,  ^  ==  xi  -  yi 

as  solutions  of  the  first  eciuation,  we  have  the  remaining  equations  in  the  form 


Txr  X. V.    r       di  ^  ,     d\  \,       di 


2 
n 


do 


W,f  ^^-i  {..-:-  +  .,» |^-}+.«f  =  o. 


di 

dVi 


=  0, 


di 


Solutions  of  Wif  ^  0  may  be  taken  in  the  form 

^k  V'k  ^^ 

Uk  =r >    vk  =  -r  '     <^i  = 


Vi 


'/'a 


Expressing  WV  ^^  0  in  terms  of  these  new  variables, 
"      '  df     .        ,-  .  df  ^     .         .  .    df 


df 


^,{„,(l_,o£4-vk(l-vk)^^-}+-i(l---)5;3^  +  -«(l-".)s;j=0- 
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We  may  choose  the  solutions  of  this  last  equation  as  the  cross-ratios 


Ul  ( 1  —  us) 

'^— U3(l-Ul) 

X2          XI       X,          XI      ^^          VI  (1 
"X2  --  XS     *   Xi  — Xs'                 VS  (1 

(1  —  4,  ....  n), 

—  vs)       y2  —  yi  . 

—  vi)       72  —  ys 

yi 

ys 

and  the  ratios 

Wl  ( 1  —  W2  )         X  ,  —  X2    . 

^  (1  —  wi )       yi  —  y2 

us  (1   —  Vs)          XI  —  XS 
VS  (1  —  us)          X2  —  X3 

us  (1  —  Wl)            XI  —  XS    . 

ts .                .   

wi  (1  —  us)           X2  —  X3 

yj  —  X.' 

XI  —  y2 

yi       ys 
y2  —  ys 

XI  —  X2 

yi  —  X2 

■ 

SECTION   II.      INVARIANTS    OF    SUCH    IMPRIMITIVE    GROUPS  AS   LEAVE    UNCHANGED 

ONE    FAMILY  OF  « ^  CURVES. 


The  remaining  groups  of  the  imprimitive  type  leave  invariant  one  family  of 
oq''  curves,  and  have  been  reduced  by  Lie*  to  such  canonical  forms  that  this 
invariant  family  is  x  =  const. 

14. 


Xiq,  X2q,  Xsq, Xrq 


In  this  group  Xk  is  a  function  of  x  alone,  and  r^l.     Each  curve  of  the 
family  x  =  const,  remains  singly  invariant. 

The  complete  system  of  linear  partial  differential  equations 

Wkf  =  li  Xk(xO.  J^  =  0,  (k  =1  . . . .  r), 

corresponding  to  this  group,  has  as  solutions  xi,  X2,  ...  Xn  and  n  —  r  other 
independent  functions  Dn,  (8  =  1,  2  ...  n  — r),  which  we  shall  define  as  the  n  —  r 
determinants  of  the  matrix 


.Vl  y2    •  •  •  •    Jr  +  s    •  •  •  •   yn  j 

Xi(x,)     Xkx^)    


Xr(x,)       Xr(x,)     .  .  . 

n  >  r  -r  1 


(M,) 


^Lie;  Math.  Annalen,  6d.  XVI ;  Contin.  Oruppen,  Chap.  13. 
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formed  by  filliDg  the  (r  -|-  l)-th  colamn  successively  by  the  (r-f  1),  the  (r-f2), 

,  the  n-th   column.     The  invariants  are  clearly  zi  and  D»,   (i  =  1  ....  d, 

s  ^=:  1,  ....  n  —  r). 


16. 


Xjq,  Xgq,  Xjq, Xr— iq,  yq 

r>2 


This  group  furnishes  the  complete  system 

W^f—  ii  X^(T^).f■  =0.  Yf  =  h  yi.  #-=0. 

*  J         »'         dyi         '  J    '      dyi 

The  solutions  of  Wkf  =  0  are  clearly  xi  and  the  determinants  Dg,  (s  ==  0, 1  ... 

n  —  r),  of  a  matrix  (Mr— i)  constructed  similar  to  (Mr)  in  14.     Yf:=0  requires 

the  ratios  yi :  yic  to  appear  in  the  final  solutions.     Hence,  we  may  write  as  invari* 

ants  Xi  and 

i^t  =  I>t :  Do,  (t  -—  1 n  —  r). 


IC. 


..2 


e"»^^q,  xe^^'^cj,  x^e^'^^q,  ....  x-'^e^'^^q,  p 


m 


k  —  1,  ....  m,  2k  ^,j  +  m  —  r  —  1,  r  >  2 

1 


From  this  group  we  obtain 


WwM'tz:ii  (x,)tk  e«kXi.  jL  =0,    Xf^ii  ,---0,  (tic=0,l,  ....v\j. 


rfyi 


(fXi 


The  solutions  ^  =  xj  —  Xj  of  the  last  equation  are  also  solutions  of  the 
system.  By  dividing  the  remaining  equations,  re8j)ectively,  by  e  ^^^f  the  expo- 
nents of  e  )>ecome  functions  of  0].  The  independent  determinanta  Di,  (b  =  0, 
1  ...  n  —  r),  of  the  matrix  (Mr —  i),  formed  aa  indicated  in  15,  will  be  solations. 
The  invariants  are,  therefore,  9j  and  D„. 


17. 


e"k3C([,  xe'^^^^ii,  x'e^'J'^ci,  ....  X'^V^i^^q,  yq,  p 


m 


k  ^  1  ....  m,  2k  ^^  i-  m  =  r  —  2,  r  >  3 

1 


The  complete  system  given  by  this  group  is 
WJ"  f  r.  Vi  (x,)*".  e""^'-  -^-^-  =  0,  Yf .--  Vi  y,  -f  =0,  Xt  = 


(tk-  0,  1  ....  Ck). 


12 


As  in  16,  the  functions  ^  =  xj  —  X|  are  solutions  of  Xf  =:  0  and  of  the  systeni. 
If  a  matrix  be  constructed  as  indicated  in  14  and  16,  from  the  coefficients  of  the 
first  r — 2  equations,  it  will  be  observed  that  the  independent  determinants  D*, 

(8:=r  —  1,  0,  1 n  —  r),  will  be  linear  and  homogeneous  in  yi  with  coefficients 

composed  of  functions  of  ^.  D»  will  then  be  solutions  of  all  equations  except 
Yf  =  0,  which  requires  the  ratios  of  yi  to  appear.  Hence,  the  invariants  may  be 
written 

<>1  =  xj  —  Xj,  Ct  =  Dt :  D_i,  (j^=2 n,  tr=0,  1 n  —  r). 


18. 


q,  xq,  x2q, x'^-^q.  p,  xp  +  cyq 

r>3 


Here  the  complete  system  is 
Wfcf^ii  xi''-^  =  0,  (k=0,  1  ....r-3),  Xf=|i   ^^=0, 

The  solutions  of  Wof  =  0,  Xf  =  0  are 

Vi  =  yi— yi,  ^:=xi  — xj 

Yf  expressed  in  terms  of  t/^,  (p  becomes 


d( 


di 


Yxf-^lK.  +  cVn^}=0, 


with  solutions 


Uk  =  ^k:^2,  vjr=Vi:(^)S  (k  =  3  . . .  n). 

The  functions  Uk  are  solutions  of  the  system.     We  find  on  introducing  Uk  and 
vj  as  new  variables  in  Wf,  the  partial  differential  equations 

W/f=f--iku..-c   4-=0,(t  =  1.2 r-3). 


dvs 


3 


dvk 


whose  solutions  may  be  expressed  as  determinants  Di  of  the  matrix. 


1 


U 


1-c 


V 
U4 


4.  . 

1-c 


r  — 34-8 


Ur  —  3  —  c    11  r— -3—  c 
3  ^4 


n 


U 


r  — 3  — c 


n 
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Hence,  the  point-invariaDts  are 

Xj  —  Xk 

r — »    D(,  (k  =:  3 n,  8  =  1, n  —  r  -f-  2). 


Uk  =  ll-  ^'■- 


ig     I  1.  »1.  »'<1 I'  — '•1,  P.  xp  +  [(r--2)7+x'  — «]q 

!  r>2 


The  solutions  of  the  complete  system 
WJ  =  ii  X i^  ^^^  =  0,  ( k  =  0,  1 . . .  r  -  3),    Xf  =-  |i  ^  =  0, 


di 


may  be  obtained  in  a  manner  similar  to  18.     The  solutions  ^,  Vl  of  Xf  =  0,  Wf 
=tz  0,  introduced  as  new  variables  in  Yf,  give 

di 


Y'f-^pi^'i  +  t'^-'^*^'^^  "•'-']•  ;^}=»- 


with  solutions 


V-J 


Uk  —  <>k  :  ^j,  V]  —  log  v»j  —  ^  r  —  i'    (k  ~  3 n,  j  =  2,  . . .  n). 

Introducing  Uk«  v]  us  new  variables  in  Wf,  and  reducing,  we  find 


n 


(t  +  2-r)       di 


Wtf— ^~  +  VkUk   ■•'     ".  ^-  =  0,  (t  =  l,...r-3), 


whose  solutions  are  Uk  and  the  determinants  I>t  of  a  matrix  constructed  as  in  18. 
The  invariants  are,  therefore, 


Ilk  ^=     - —       »    T>-,  (k  -—  3  . . .  n,  s  :---  1,  . . .  n 


-  r  +  2). 


20.      *!•  ^^1'  *^'J' ^'  ~  *  ^*'  -^'*^'  '*»  ^P  '• 


3 


For  this  grouj) 


n 


WS-    li 


I    XI' 


di 

dvi 


-^  0,  t    -  0,  1,  ...  r  — 4), 


Yf  --.    ii  Vi    ;'^         0,      Xjf .       ii  J'^-  -  0,     X2f=  Vi 


i  Xi  3 —  =  0. 
axi 


The  last  two  otiuations  show  that  the  ratioM  of  the  differences  of  the  x's,  say 


"k  — '    (k--3, n), 

X,        -X2 


129 


shall  appear  in  the  iinal  solntiona.     The  n  —  r-|-3  independent  determinants 
Ds,  (s  =  0,  1 n  —  r  }-  2),  of  the  matrix 


yi 
1 


y2 
1 


y3 


X 


3 


/  r  —  2  +  .«  •  •  •  •   y  1 


-^r-2  +  8 


Y 

•      •      •      •        ^m  1 


x/-''     Xo'--' 


Y  r— 4  v''"'*  yr— 4 


are  solutions  [of  the  first  r  —  3  equations  Wkf=0.  These  determinants  are,  at 
the  same  time,  homogeneous  in  yi  and  in  Xi — Xk ;  their  ratios  will,  therefore, 
satisfy  the  requirements  of  Uk  and  Yf  =  0.  Hence,  we  may  write  our  2  n  —  r 
invariants  as  Uk^=  (Xj  — Xk)  :  (xi  —  Xo)  and  Rt=:Dt:  Do,  (k  =:3  . . .  n,  t=  1  . . . 

n  — r-f-2). 


21. 


q,  xq,  x-q x'-^q,  p,  2xp-    (r  — 4)y(i,  x-p   f-(r  — 4)  xyq   I. 


From  thin  group  we  obtain  the  differential  equations 
n 


W.f  =  V;  ,,    '^1  =  0,  (t  =  0,  1  . . .  r  -  4),  Xf  =  h  f  =  0. 

'  J  dyi  '  J    dxi 


X,f^|l{..i^,    +(r-4)y.|,}=0, 


V.    (  _  .   'If     ■ 


rfyi 


(r-4)x>yi^   }=0. 


Xf V     ^-  ^  ^ 

The  solutions  of  Wof  =  0,  Xf  =  0  are  V'I==yi  — Ji,  9i  =  Xi  —  xj,  respectively. 
Xjf  when  expressed  in  these  new  variables  becomes 


whose  solutions  mav  be  selected  in  the  forms 


Uk  =  -: »  VJ ^=  '~i^ii  (k  =  3 n,  j  =  2 n). 


•r'j 


Ok 


Oji 


X;f.^2|.u.-;^+(r-4)|iv.^=0 


has  solutions 


O]  —  111  :  U3,  Uk  =  Vk  :  Uk^  (r-i)  ^    -^  __  y^  .  y^  vj  (r-4)     ^k  —- 


<),  (k  =  3  ....  n,  1  =4  ....  n). 


9— SCIBNCB. 
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The  remaining  ecj nations  W  f  niaj  be  expressed  in  terms  of  a,  >  in  the  follow- 
ing forms : 

£+'f +  !'   (..)--.|Uo,[d  =  l(r-4)], 

W;  f  -=  -.''/-  +  Vl  (a)  t-d.  _f  ^  0,  (t  =  1,  . . . .  r-5). 

The  solutions  of  these  equations  may  be  expressed  as  the  determinants  D§, 
(s  =  1, n  —  r  -|-  3),  of  the  matrix 

^2     ^3     ^4        ....      Sr  — 3  +  s      •  •  •  •      Sn 


KA 


1       1       O^        ....      0'r_3 


+  s 


•      •     • 


a 


—  d 
n 


0    1     a\ 


1-d 


r  -  r.  -  d 


0       1       04  

The  required  invariants  are,  therefore, 


X.,  -  -  XI        X  ,  — X 


<Tt  =r  —'"—  -  -  :  - " -,  Dd,  (1  =  4  . . .    n,  8=1, n  —  r  -|-  3). 


XI        X,  —  X.J 


22. 


q,  xq,  x-q, x'^-^q,  yq,  p,  xp,  x*p  -f  (r  —  5)  xyq 

r   >5 


This  group  furnishes  the  system 


n 


n 


W.f  _-  Si  xi>  -f-      0,  (t  -  0,  1  ....  r  -  0),    Yf  =  :ti  yi  ^  =  0, 


n 


XfE^iii  ^^0,  Xif^:iixi  :i:,^=o, 


^f 

(iXi 


Xof -_-  ii  \x?  -f-  -  (r-5)  x,yi   f  |- <•• 
,  r/xi  (/yi 


7*  r  ^^^i     ^*      ''""'  ^'yiJ 

The  solutions  of  Wuf      0  are  '.''j      yi— yj,  those  of  Xif  =  0,  Xf  =  0  are 
Uk  ^^(xj  —  Xk)  :  (xi  —  t:  ,).     \A  expressed  in  V?  u  is 


X,H'-S  Vk  ^  u.  (nt-l)  /-  -  (r-5)  u..  j" 


».  V    .     df         - 
+  (r-5)v".^-=0. 


whose  solutions  are 


U.'!  (Ul  1)      ,  _ 

UI    (U.5—  1) 


•^'k 


(uk-l;'-^' 
''--  (     "rT)'"^"'  (1-   4  ...  n,  k=    3  ...  n). 
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The  remaining  equations  expressed  in  these  new  variables  are 

df    ,     df    ,   -^^    ^     ,    ^     di 


d{ 


W^'f 


-h^il  (ffi)-^  -7^  =  0,  (t  =  l  ....r  — 5), 


(1) 


The  determinants  Dg  (8  =  0,  1  ....  n  —  r -f  3),  of  the  matrix  formed  from 
equations  (1)  as  in  21  will  be  solutions  of  (1).  Dt  will  be  linear  in  C,  but  Y^f  =  0 
recfuires  the  ratios  of  C^b.     We  may  write  our  invariant»  as 


(71  = 


Xo  —  XI      X. 


X,  —    XI       X,  —  X 


-,  Ri  =  Dt  :  Do,  (1  =  4 n,  t  =  1  . . . .  n  —  r  +  3). 


23. 


p,  2xp-f  yq,  x^p  +  xyq. 


This  projective  group,  leaving  invariant  the  x-axis,  furnishes  us  the  com- 
plete system 

° .    di         ° .    f  ^       rff     ,      .  df  ^        ".    f      ,  di     ,  dt^        ^ 

The  first  of  these  equations  has  solutions  ji  and  ^j  =  Xj  —  zj.       The  last 
equation  then  becomes 

with  solutions 


A  1  ^S 

9k  Ji 


The  second  equation  is  now 


2  ^'•'  3 

whose  solutions  we  may  choose  in  the  forms 


.  Ul  .  Vk 

o\  --  — »    sk  =  — » 
u.  V, 


Our  invariants  are 


C2  =  — ^».  Ci  =^  7 1  Vj  Ug,  (/  =  4 n,  k  ^  3 o). 

yi 


i\  = 


X2 


XI      X,  —  XI 


X3  II  —  X, 


»   Ck 


_  3ti— xk.  yk     .  —il— 


X,  — 


72 


^2  = 


1^  —  ^2^     r    ^  ^2  ^S  .    Tj , 

7l72  *        Xi— X8*7l 


whose  geometric  significance  is  apparent. 
24. 


yq,  p,  xp,  x«p-f  nyq 
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This  four-parameter  prejectivelgroup  yields  the  complete  sjitem 

Here,  we  introduce  the  solutions 
of  the  first  two  equations  in  the  last  two,  and  have 


i        df        ^     f 


<i^  .....  ^n _ 


The  last  of  these  new  equations  is  satisfied  hj 

11  0J 

Uki=- — ,  Vj— -f-,  (k:-3  ....  n,  j=r2....  d); 

the  first  now  becomes 

3  duk  2  ^^J 

The  solutions  of  this  equation  are  the  re<iured  invariants: 

oi  — —  -^ :  — ,  (1^-4 n), 

U.T  X^  X3       Xi  X  3 

Vo        Xj       x.^     72 

X,— X3     y. 


SKCTIOX    lit.       INVARIANTS  OF  THE   PRIMITIVE  C.ROrPS. 

The  remaining  finite  continuous  groups  of  the  plane  leave  no  familj  of  x^ 
curves  invariant,  and  may  be  reduced  by  a  proper  choice  of  variables  to  some  one 
of  the  canonical  forms  known  as  (1)  special  linear,  (2)  general  linear,  (3)  general 
projective.* 

2').      The  special  linear  group 


p,  q,  xq,  xp  — yq,  vp 


The  invariant  functions  of  the  co<'>rdinates  of  n  points  will  be  the  2n  —  5  inde- 
pendent solutions  of  the  complete  system 

^    dxi  dyi         .  dy,  I      dxi  dyi  i  ^     "^    dxt 

*Lie  :  Math.  Annalen,  Bd.  XVI,  p.  p.  518-"v2li,  also  Contin.  Gruppen,  p. 351. 
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The  first  two  e^iuations  show  the  solutions  of  theTsystem  to  be  functioni  of 

?>j  =  xi  — xj,  Vj  — yi  —  yj,  (j  =  2....ii). 

The  remaining  equations  then  take  the  forms 

v-         rff        ^,    i       df         ,    rff  )        5^     ,     <ff 

^,,,-  =  ^i  ^,,^-t--^}=2i1'^^^^0 (2) 

The  second  of  these  equations  has  solutions 

Uj  -  ^j  V'j,  Vie  —  ^2  ^1^1  (J^  ~  3  ... .  n). 
With  u  and  v  as  new*  variables,  the  first  and  third  of  equations  (2)  become 

dl 


du 


T     ^  Vk*  duk        Vk  dvtt  f  * 


^  dua    '     u,    ,  Uk  v»    .  dVk 


(3) 


(4) 


>    3 
The  solutions  of  (3)  are  found  to  be 


Vk      .                   Vk* 
ffk — »    wk  ^^  Ua 

Uk  Uk 


Equation  (4)  then  reduces  to 

drtk 


Zk  jffk^k  y^    4-  >k^    -j-=-  ^   ~  0, 


'  dW  i 


whose  solutions  way  be  written 

I'k  =  ^    '   Ji  =  - ;. 7-»    (k  ^  ....  n,  1  ^  4  ....  n). 

Since  any  functions  of  I^,  J  will  be  the  solutions  of  (1),  we  may  choose 


>«k 


¥/        '"^        _. 

^~    ^k    ~~ 


1  2k 


and  D,  =  Ji  1/ 1/  = 


13/ 


where   |  i  j  k  |  = 


xi  yi  1 

xkykl 
as  solutions,  and,  therefore,  as  the  2  n  —  i  invariants  of  the  group. 

The  forms  of  V  and  D  show  that  the  tpecial  linear  group  leaver  invariant  all 
areua. 

2t».     The  gt^neral  lin*'ar  group 


jvq,  xq,  xp  — yq,  yp,  xp -r  yq  '  • 


This  group  furnishes  a  complete  system  of  six  linear  partial  differential  equa- 
tionH,  the  tirst  five  of  which  are  identical  with  equations  (1)  of  the  preceding  sec- 
tion.    Hence  we  need  only  determine  the  functions  of  I^  and  D  which  satisfy 

5..  f      df    ,         d{\       ^ 


f  r"rf"- 


i 


rfyi  j 
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This  equation  requires  x,  v  to  enter  in  the  final  solntiont  to  the  degree  zero. 
Hence,  we  may  write  at  once  the  invariants  in  the  form 

I,=^r>="l   12/|:|123|, 

Ji  =  Y-  =  I  13M  ••  I  123  1  ,(/  =  4....  n). 

I  and  J  show  that  by  the  generai  linear  group  the  i-atio  of  areas  rcmairut  con^nt, 
27.     The  general proejctive  group 


I  p,  q.  xq,  xp—  yq,  yp,  xp  r  yq^  ^' p^  xyq,  xyp  +  y«q 

The  members  of  this  group  extended  and  equated  to  zero  furnish  a  complete 
system  of  eight  linear  partial  differential  etjuations,  the  first  six  of  which  are 
identical  with  those  of  the  general  linear  group,  and  therefore  have  tolutions 
T,  J,  defined  in  26.    The  last  two  equations, 

when  expressed  in  terms  of  I,  J,  become  somewhat  complex, 'viz.: 

(1)  J,  (I,_J,_1)  -lf--\-  :im  \  I„.  (I,J,„_I„,J,_J„,-|-JJ.-^  + 

«> 

Jm  (I4  Jni  —  lin  J  4  —  J 111    \~  *4  —  1)     .w —  r^^^^  0. 

CtJni  J 

(2)  I,  (J,-I,^-l)-_^L-fV„{j,„(i^j„,_I,„;j^_I„._,_I  ,J«_4. 

Im  (Ij  Ji.i  —  In,  Ji  —  Im  +  J4  +1)  ——1=0. 

After  considerable  manipulation,  the  solutions  of  (1)  are  found  to  be 

-  Im  J4  0111     ^-Iin(l4  —  t>,n  —  1)       ,  _  . 

Jm  Im  (J  4  —  l4    |-  1) 

With  I4,  Om,  il'm  as  new  variables,  equation  (2)  becomes 

.     df     ,     °-  df 

I^  ">r'  ~r  --.™  9"«  T  ■"  ~  '*> 
d\4        r  dpm 

0 


with  solutions 


Q0ni         , 
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1  -4-  V' 
Selecting  as  invariants  Qm  and  Hm  =  — ^ — —i   and  restoring  the  variables 

xi  yi ,  we  have 

_   |12m|   .   |13m|  |1  24|   ,    |2  34| 

^"^  -   I  1  2"4  r  I  1  3  4  r       "'  "'     I  1  2  m  r    I  2  3  m  I    ' 

The  forms  of  Q  and  H  show  that  the  general  projective  group  leaves  invariarit 
the  cross-ratios  of  five  poiuti. 


Differential  Invariants  Derived  from  Point-Invariants. 

By  David  A.  Rothrock. 

In  an  accompanying  article   concerning    Point-Invariants,  the  writer  has 
shown  how  a  group 

Xj^f  En  ^S(x,  y)  -^-  +  '/k(x,  y)  -^-^    (k  — .  l  . . . .  r), 

may  be  extendi  to  include  the  increments  of  the  coordinates  of  n  points.     The 

members  of  a  group  may  be  extended  in  a  different  manner,  and  indeed  so  as  to 

include  the  increments  of 

dy     d^y    d^y 


•  •  •    • 


dx     dx2    dx-5     • 
For  example,  the  group  Xkf  gives  to  x  and  y  the  increments 

(5x  — ^"k^t,  r5y  =://k(H, 

dy 

and  to  y^  =^    ,    »    the  increment 

rtX 

.   ,       (/x  .  ddy  —  dy  .  <^dx        dvk  —  y^(/^'k    ,. ,    ,^ 

Ay  ^ —^ -  -  ^^— Jt  =  V  ..It. 

Similarly,  v^^  =  —0  receives  the  increment 


and  in  general 


,  „       dif\t—y'-dW    . „ 

6y''  = ^^ ^H  -^  //  'k«t, 


dnv  ^»"  — 1'  —  v*"rfik 
,?y(m)  _^iZ]5 — l_^VL  (H  =^  y/k  ^"»>'Jt. 

ax 
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The  group  Xwf  so  extended  becomes 

^k        I  —  ^i'  rfx  ^  ^^  r/y     '     '"^       dy'  ""       dy^^'>  "i"  •  • ' '  +  '^'^         rfy(m,  • 

Lie  has  shown  that  the  extended  transformations  Xk""^  f  form  an  r —  parame- 
ter group  since  the  bracket  relations 

(Xi""\  X^"")  -_-  X/"'  (Xt"">f)  —  X^"^  (Xi<°"  f)  = 

v,e,^.Xrf (1) 

1 

exist.     But  when  relations  (1)  hold,  the  equations 

are  known  to  form  a  complete  system  of  linear  partial  differential  equations  in 
2  4-  m  variables.  This  system  has  at  least  2  —  m  —  r  independent  solutions 
which  are  defined  as  the  differential  imxiriaHts  of  the  group  Xkf. 

In  Lie's  paper  cited  above  it  is  shown  that  if  two  independent  differential 
invariants  be  known,  all  others  may  be  found  by  differentiation.  For  example, 
if  the  two  fundamental  differential  invariants  be  Oj,  Oj,  then 

'       '  dO.'^'-di^,' 

The  fundamental  difTerential  invariants  o,  (x,y,  yi,  yg, Jr —  i),  9^  (^, 

y>  Ji)  72?  ••  yr),  of  an  r-parameter  group  may,  in  general,  be  obtained  from  a 
somewhat  different  point  of  view,  and  indeed  without  a  knowledge  of  the  form  of 
the  group  itself,  provided  the  point-invariants  of  the  group  be  known. 

I^t  us  suppose  the  points  of  a  point-invariant  0  (x,  y,  x  l^J,  y  l^J . . . . )  to  lie 
upon  a  curve  x       f  i  (t),  y    -  f^  (t), 

where  f  j,  f ,  are  analytic  functions  of  the  parameter  t.  We  seek  the  nature  of  the 
invariants  when  two  or  more  points  upon  this  curve  approach  coincidence.  If 
X,  y  be  a  point  for  t  ^  t..,  then  a  point  x  ■'>,  y  ^''\  ultimately  coincident  with  x,  y, 
will  b^  given  by 

x(2)  -  X  ^-  x'  dl  -r  x''  ^Y  +....,  y  <-'>  -  y  -f  y'di  4.  y^'  ^  --.... .,      t 


*Lie:     Ueber   Differentialglcichungen,  «lie    oine    (!ruppe    ^estatten.     Mathematische 
Annalen,  Bd.  XXXII. 

tThroughout  this  paper  wc  shall  employ  the  following  notation  : 

(a)     X,  y  ;  x<2),  y(2) ;  xW,  y(3) ;   are  points  of  the  plane. 

(\.\  ^'    ^^  w^    ''^^       .,.'    ^y  V-    '^'^y 


•    •    •    •  • 


/    V  ^'v  d^y  ,  1  /  / 

(c)     y,       —,"'-'    y,  -    -r-^./    ;  hence,  we  have  v    -=  Vi  x  , 

V    /     J 1        r/x      "^  *        dx'  '  .         .  1      » 

y-  -  y^  (xO^  -f  yix-  y'-  -^  y3(x0^  +  3y,x^x-  -^  y ,xf'\  . 
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and  similarly  with  other  parameters  for  any  number  of  consecutive  points.  On 
substituting  these  series  expansions  of  x(i),  y(i)  in  6,  we  shall  evidently  obtain  an 
invariant  function.  If  now  0  be  capable  of  expansion  in  a  power-series  with 
regard  to  rft,  r/r,  . . .,  we  shall  have  the  coefficients,  Ij  (i,  y,  x'',  y^,  . . .),  Ij  (x,y, 
^^>  y '>•••)>•••>  of  the  powers  of  dt,  dr,  ...  separately  invariant,  since  the  para- 
meters t,  r, are  arbitrary.     In  Ij,  Ij,  I3 we  may  express  y\  y^%  y\ . . . 

as  functions  of  y^,  Vj,  ....  x'',  T^^y  t^^\ If  then  I^,  I2,  I3,  ...  may  be 

so  combined  as  to  eliminate  the  differentials  x'',  x''^,  x^^\  . . . . ,  we  shall  obtain 

invariant  functions,  (J^  (x,  y,  yj,  yg,   )»  02>  ^3>    • .  •  -t  which  are  diffei-ential 

invariant  A  in  the  sense  already  defined. 

The  calculation  of  differential  invariants  by  the  method  just  outlined  is 
sometimes  (^uite  laborious.  Below  is  given  a  consideration  of  some  of  the  more 
characteristic  groups. 

SECriOK   I.      DIFFERENTIAL  INVARIANTS  DSTERMINED  BY  TWO  POINTS. 

In  the  present  section  are  computed  the  differential  invariants  for  some  of 
the  more  simple  groups  of  the  plane,  and  indeed  for  such  as  have  point-invariants 
for  two  distinct  points.  Only  two  differential  invariants  have  been  determined 
for  each  group ;  all  others  may  be  found  from  these  by  differentiation.* 

1.     The  group 


has  the  point-invariants  x(i),  V'a  =  7  —  7^^^*     Expressing  y(2)  in  terms  of  a  para- 
meter t,  we  have  ultimately 

Since  dt  is  arbitrary,  y'',  y^^,  ....  are  singly  invariant. 

y'  --  x'yi,  but  t^  as  well  as  x  is  invariant,  hence  y,  is  invariant,  and 
our  differential  invariants  may  be  written 

*2.     The  group 


has  the  point-invariunts 

u_.    -  X  —  x<2),  V2  -^  y  —  y(2). 
Hence,  we  have 

u,    - 1  -  (X  +  xVt  +  x"  "V  +...).   V,  -  =  y  -  (y  +  y'dt  +  y"  -'-  +  .. ), 


"Lie :  Math.  AnnaUn,  B<1.  XXXII,  p.  220. 
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which  show  i^  x^^, ,  y\  Y\   to  be  invariant.      But  Y  ^^Ji^'y  y 

jjCxO'  +  JiX^'';  hence,  y,,  jg  niust  each  be  invariant. 

••.  ^1  =yi,  92=72  • 
3.     The  point-invariants  of  the  group 


// 


q,  xp-r-yq 


X(2)  y— y(«) 

are  Uj  =^ ,  Vo  =  -= • 

X  *  X 

Introducing  the  series  expansion  of  x(2),  y(2)^ 

u,  =  (x  +  x'dt  +  i"^+..):x, 

va=  {y-(y  +  y'dt4-y"^+  ...)}:x. 

11 2  shows  the  ratios 

x^     x"^    x"^^ 


X   '     X    '       X      ' 


(1> 


to  be  invariant,  while  v.j  requires  the  in  variance  of 

v 


X   '     X   ^       X     » 


v^        v^x' 

^^   ~    X     ~       X      ' 


hence  y^  is  invariant  on  account  of  (1 ). 

,orI,-<.,— =xy,  (^— j  . 


Therefore,  ^i  =  yi,  02  ""  ^^Ja- 
4.     The  g'oup 


I    p,  q.  xp-hyq    . 
has  the  point-invariants 

_  y  —  y^-^    .  _  ^  —  ^^^' 

X  —  Xt2)  X  _  xt«> 

One  differential  invariant  may  be  computed  from  Uj  alone,  but  a  second  can 
not  be  had  on  account  of  impossibility  of  the  elimination  of  the  parameters.  We 
therefore  consider  three  points  determined  by  t,  r. 

"2"{y--'y  +  yMt  +  y"'^['+....)J:{x-  (x--i'dt  +  x"-^+ .... )} 
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V-.. 


-]'x-(x  +  x'dr  +  x"-^+....)|:|x-x(+i'dt  +  i"!^+....j 
<lr        dr      x"      dr2/x"\»    ,    j.  j     f/'i"\^        »'"  "I 


These  functions  show 


^'     3x"       2(x0'       3(xO'        2(iO^      '        3        "^       2 
to  he  invariant.     Eliminating  the  parameters  x\  t^\  we  have 

|l3    •   I2       2x^1   •   I2        3(y^)a. 

J2 


SECTION    II.      DIFFERENTIAL  INVARIANTS  DETERMINED  BY  THREE  OR  MORE  POINTS. 

In  the  case  of  the  more  complex  groups  it  is  necessary  to  bring  into  consid- 
eration three,  four,  five, points,  and  consequently  employ  additional 

parameters,  r,  s, 

5.     For  three  points,  the  group 


p,  q,  xp  -4-  cytj 


possesses  the  point-invariants 


y_yl2)  X  — x(3)  y  — y(3) 


U  ^ ^:^:-Tr»     V3  = -7^r-»     W3   = 


(X— x(2))^-      ''        X  — x(2)       "^         y— y(2) 
Expressing  u,  in  series  expansion  for  x(2),  yK2)^  we  have 
V  — (v  fv'dt-;-lv'^^-   +  .) 


"  ~"    f  X  — (x  +  xMt -f-x^^dt^ 

1  T 


+  ..)} 


{x'yV  2      l7         ^^     xM    ^ 


(xO 

dt^  I  '-^ 
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The  series  expansion  of  V3  is  identical  with  that  of  Vg  in  4  above.     Hence, 
the  invariant  functions  may  be  written 


V.  ,      ,     x'^ 


^^  6(xO^'      4  {x')''   x'  "^'  (x')^  1     I  x'  J  6    •     x'  ) 

From  these  relations  follows  at  once  the  invariance  of 

_ji y2_    yj_ 

{x'r-  ^'  (x'y-'''  (xO'-'^' 

By  eliminating  x^,  we  have 


y,^-''  y,'-^ 


I 1  y  —  v*"'> 

(».      j  q,  yq     leaves  invariant  x  and  Vg  --  -=^ — *-27*      Expanding  v.,  in  series, 

vs  -  {y  -  (y  +  y'  <lr  +  y"  -^^    ....)}:  {y  -  (y  -r  y'dt  +  y"  ^  +....)  J 

dr         dr    y"       .  .,    \  \"  i  ' 

dt         2     v'  I  2vM       ' 

which  gives  invariant  functions      ,-,  —7-, The  functions  x,  x\  x'" 


are  also  invariant. 


y       y  1  x^ 


v.. 
.*.  o,  --  X,  o.,  =-  '-' 

yi 


7.     The  group 


hai  point-invariants 


H»  yq»  P 


V  —  vi.J) 

U  =     X    —    X<i),      v.; -•      .^^ 

y  —  y' ' 
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We  have,  ai  in  6,  the  invariant  functions 


r// 


i»  =  v=^ 


"'      y3(x')^ 


.// 


71 


X 
X 


/// 


+  3^^  +  ^ 


.  • .  o 


72    ^  ._  ys 


yi      "      yi 

8.     The  point-invariants  of  the  four-parameter  group 


P»  3cp,   q,  yq 


—  v(:<) 


are 


y  —  y^'"'' 


"3    ^     -_t''-«>»   ^3  V v(2)' 


X  —  X'*'  y  —  y^ 

The  series  expansion  for  U3,  V3  in  powers  of  dt,  dr  will  be  identical  with 
those  for  v^  in  4  and  7,  respectively.  Hence,  we  have  the  invariant  differential 
functions 

~^i    x^'  ~T^*    '  ^  '* 

and 


i_y"_y->=t'  ,  >"  ,  _y"'_yj^uOi  ,  ,y,x'  x"    x'" 

y  yi  3t"  y'  y,  y,       i'    '    i" 

^'  ~  7  ~  -y--  -■     J7-X'  +  "yr  rVi^;  +^  if;  +  f- 

Hence,  on  account  of  (1),  we  have  the  invariant  functions 

y,x^    y,(xO'     y4(xO» 

y.  '     y.    '     y.    ' 

from  which  it  is  only  necessary  to  eliminate  x''  in  order  to  obtain  our  required 
differential  invariants : 


^1  = 


_yiy..  ^  __  y^yi 


T^»    92 


ya-  y2*' 

9.     The  general  projective  group  in  one  variable 


q»  yq»  y*q 


leaves  invariant  x  and  R^:*^  *       • 


r(3) 


y_y(4) 


y  _  y(3) 


Using  t,  r,  s  as  auxiliary  variables,  R  takes  the  form,  for  ultimately  coinci- 
dent points 

\  —  a 


R  = 


\-P 


=  (l-a)(l-f /'?-f/32  4....), 
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where  «- (y' dt  +  y"  ^^' ^  ....);  (y'dg  +  y"  ^  +  ....),  and 

li  .-  (y'  dt  +  y"  'Ij'  +  ....)  :  (y' dr  +  y"  ^'y  +....). 

Arranging  K  according  to  positive  powers  of  dt,  dr,  ds,  and  omitting  super- 
iluouB  terms,  we  find 

Rz..  ....  dt(ds-dr)|---[^-^J     j-h.... 

+  dt(d8        <ir)|i.^Oy^        24(yO=       l6y'J  l2y'J     +~877)^~l"^  *  •' 

From  these  coefficients  we  may  determine  the  differential  invariants. 

y-/        .  y^^  ^  2  ^  _(^/^  2y  ^y ,--  3>',j^        x^  _  f  x^^  i 
*         6y^"    l2y^J  12     "         y^-  "^  6x^  L2x"J    ' 

2v,  V,  -   3v2^ 
..^, ^^----. 

'"'"     i24     ly,  y,«     ^     yr^    J  24     'f^.a +  1-.' (x), 


yi         vi-^         yi' 


^^"     1-^0      >   y,         '^     y,^  %,-.'^   ^'       y.^  ^   y,*   J  + 

+  -24  -  •  9.  -I-  -720-^^' ^-7^  ^-'  -^  I»  (^^» 

In  some  of   the  following  paragraphs  we  shall  need  the  forms  Ij)  Ist  here 
computed.     Incidentally  wo  have  computed  the  difierential  invariants^,,  ^4. 
10.     The  group 

r 1 

I  q»  yq»  y-q»  p  i 


has  the  same  differential  invariants  at  9  above,  with  the  exception  of  ^x,  which 
must  be  omitted.     We  shall  have,  therefore,  ^j,  03,  9^,  as  defined  above. 
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11.     By  the  group 


q.  y4»  y-q»  p»  ^p 


x''  x'''   x»' 


the  functions  Ii,  Ij,  I3  of  9  remain  invariant,  also     /,  — 7,  —7,  ....  as  in  8. 

J^  .A.  ^V 


These  invariant  functions  must  be  so  manipulated  that  the  x's  are  either  elimi- 

. . .   are 


j//   j/// 


nated  or  made  to  appear  as  ratios  —7,  — 7,    ....     Since  Ii(x),   l^M 


x''  x''' 


already  functions  of  —7,  — 7,  . . .,  we  may  omit  these,  and  write  simply 


Jl  =0,(XT,  J,  ^Pd^y  +  02X^X^^ 


,/^/// 


Eliminating  x^,  x'^, , 


4y,y3        ly 
2     I  'J 


J  2  '  <^  1 /"•(•'l)     — -  a   ' —  ^n f        T^T' 


yij  _ 


=  *1 


J  -J  -''^  -^-^ 


0,   ""     I  x^  J  +  ^^    30    ^ 


-/// 


3x' 


~  o,  •      5     +  r^"^^        x^J   x'  ^  30  ^   3x^   • 


Hence,  A  iz  — ^  (x'')*  is  invariant. 

V2 


A  :  J 


7rt    r  7274  A 


I 


yi 


yi  J 


+  17^^-f^ 

yi' 


—  9 


y2 
yi  J   _ 


lyi        Iji  J  i 


-*.. 


4>] ,  4>2  are  the  two  fundamental  differential  invariants. 
12.     It  has  been  shown  that  the  group 


XjCx)  q,  Xi(x) .  q,  XjCx)  q,  ....  X^u) .  q 

r>l 


leaves  invariant  x  and  the  determinant 

(2)  v(3) 


.(r  +  1) 


Xi(x)        Xi(x(2))       Xi(xra) Xi(x('+») 


D- 


X,(x)         X,(x(2))       X,(x<3)) X,(x('  +  ") 


144 


We  shall  denote  the  parameters  for  z(2),  x(3)  ....  by  t,  s, 
and  have  seriei  expanRion  for  Xi(x(2))  in  the  form 

Xi(x{2))  ^  Xi(x  +  x'at  +  x"  ~  +  x'"  -'-  +  . . ) 


^  Xi(x)  +  x:(x).x'dt 4-  (x:'(x).x'«  -  x:(x).x"]  **i!  - 

+  [X'i"(x).i'-'  +  3X'i(x).x'x"  +  Xi'(i).x"']  ^^  + 


,,  respectively, 


-r  (Xj^x).x'^  -L6X;"(x).x'^-x"  +  3Xi(x).x 


+4X;'(x).x'x'"+X:(x).x'^)^2V  + 


'^t 


+ 


with  like  expauHions  for  Xi(x(3)),  ...  in  parameters  s, Sabstitutiog  these 

series  expansions  for  Xi  in   the   above  determinant  and  subtracting  vertical 
•olumns  in  a  proper  manner,  we  have 


/\r  +  l 


y  vix^^  ....  y2(x')^  ;- \vxr-'- yr  +  i(*T^^  +  .... 

XiXix'-  ...  Xi.(xO^-f  ...  Xi'.(xO=' f X[  +  ^(xT"^^+.. 


XrX;x  f 


Or  disregarding  x"",  ii'\  . . .  which  are  invariant,  and  retaining  only  the  ele- 
ments of  lowest  degree  in  dt,  ds, ,  we  have 


<?>i- 


Xj   Aj   Xj, 


•  •  •     Jr  +  1 
X^  +  1 


Af     A^    A.J.       ....      Ap 

Since  x  is  also  invariant,  0^  --^  -  --,  which  would  )>e  the  above  determinant  with 

'  dx 

the  last  coliinin  changed  to  y^  ,  .,,  Xj'  "*'  %  ....  Xr*^  "*'  **. 


13.     !    X^q,  X2<1, X,  _  jq,  yq 
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leaves  invariant  x  and  the  ratio 


<^2  •  <^ii  ^'here  (^o,  <^i  are  determinants  defined  in  12. 

Since  x  also  remains  invariant,  we  may  write  our  differential  invariants 

<pi 


4). 


14.     The  special  linear  group 


p,  q,  xq,  xp  —  yq,  yp 


has  the  point-invariant 


D=- 


.(2) 


:(3) 


,<2) 


,(3) 


1 
1 
1 


T?  •  (2)      (2)        (8)      (3)  .  .  .        .     ^  e  s. 

hxpressing  x^   ,  j     ;  x^   ,  y^  '  in  series  expansion  m  terms  of  t,  s, 


D  = 


-x'dt  +  x''^--i-. 


...,y4-y^dt  +  y^^^f -77 


1 

.1 


x+-x^ds  +  x-i^-4-....,y+y'ds  +  y--^'- 


•  •  •  «   X 


r     *^^*    1  T    <*t<i8'*    ,   T    ^^^**       T   dt^ds^   ,   T    dtds*    . 
ii       2    -^-^2   — g— 4-l3      04  **  ~l2~    '  ^' ■  120      ^ 

*•;       ^Q         1"  •  •  •  •» 


where 


,  =  x^y^'-x-y^-y,(x')^ 

,  =  x'  y-'  -  X-  r  -  y3  f  xO  »  +  3y,  (x')^  x^ 

•  =  x'y^^-i^^r    -y,  (xO^  +6y3  (xO^x'^  +  Sy,  x^(x'0'  +4y,  (x')^  x'^^ 

-  t'''  f  —  n"  y'''  -  -  ya  [  (xO'  x''^  —  3x^  (x'')^]  —  yj  (xO^  x^^ 
^  =  x'y-—  x'^  y'  -=  vj  (xO'""  -f  lOy^  (x')*  x''4-  16  (x'  x'O'  +  lOy,  (xO'*  x'^^  + 

-f  lOy,  x"  x'"  x'''  +  oy,  (xO*  x^ 
Ie=-x^\yi'^  — x^vy^'    -y^(x0*x"^  +  6y3(x^x'0'-^y2[3^x'')'+4x'x'^x'^^  — 
10— SCIEMCK. 
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From  these  six  invariant  functions  we  eliminate  the  differentials  n^  Tf\  . 
obtaining  the  differential  invariants: 

4)1  -.  [3  I J3  -  12  I1I4  -  5  I,^  )  :  (I,)3  -  (3y,y,  -  5y3«)  :  y,«. 
<^2  -  [  15  1,^1, -f- 3  I^n, -f  V  I.' -  16  IiI.(I,  -  2  IJ  ]  :  1/ 

-  [sva^y^  -  I")y2y3y4  +  Y  y.,*  ] :  y^*- 

lo.     The  general  linear  group 


!   p,  q,  X(i,  xp  -  \i\.  yp,  xp  +  yq   \ 


leaves  invariant  the  quotient 


Q- 


X        y        1 

xTJ)     y(2)      1 
HK^^     y(:V)     1 


^:i_i 


X         y         1 

xl-'i)     v(3)     1 
x<4)     yKiS     1 


Using  t,  s,  r  as  parameters  u£  three  successive  points,  we  find 


Q- 


X  y  1 

I  +  x'dt  +  . . .  y  +  y'dt  +  . . .   1 
X  +  x'ds  +  . . .  y  +  y'ds  -j-  . . .  1 


X  y  1 

x  -f-  x'ds  +  . . .  y  +  y'di  +  . . .  1 
x  +  x'dr-l-...  y  f  y'dr+...  1 


kj,  I  dtds»  I  -fkj,  I  dtds^  I  -i-kala  ;  dtds^  |  +  k  J,  |  dtMs*  | -f-^ 
-f  k,I,  Idtds*  l+kgleidt^ds^    -f  krlTldtds-^l-rkJ,  idt'dsM^- 
H-lk,!,  Idt^ds^  I 


:   \  Similar  expression  in  ds,  dr.    > , 


dta    dth 


where  ki  are  constants,    |  dta  dsb  I  '—       i  ^    Tjj     I  »    and   li  are   functionB  de- 
fined as  in  14.     The  form  of  this  expansion  for  (j  shows  at  once  the  invariance  of 

the  quotients  la'.Ii,  Ijiln Denoting  these  ratios  by  R,  we  have 

K,  --=  I,  :  I.  --(x'y'"  -  x'"y')  :  (I'y"-  x"y'), 

Rj^^I,  :I,  .^xV-x-V):!!. 
R4  =  l4:I.  =  (x"y'-i'y"):I,, 
Rj  =  l5:l,-^(x'y'  — xV):I„ 

R6  =  I.;:I.-=U"y"-:t'V'):I„ 

R;  =  K:I,^-(x'y"-x"y'):I.- 
R,  =  I,:I,--(i"y'-xV'):I„ 
R.,  =.  I,  :  I,  -^  rx"'y"-  -  xV")  :  Ii- 
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In  these  eight  functions  we  must  express  y^  in  terms  of  Ji  and  x*,  and  then 

-eliminate  the  differentials  x'',  x'^^ This  work  of  elimination  is  quite  tedious, 

but  may  be  briefly  indicated.     We  construct  three  functions. 

A  =  3  R3  -  12  R^  — 5R,2  ^   3y,y,--5y3=^   ^^,^2 

40 
B=  15  Ro  +3R5  +  —  R^^  — 15  Ra  R,  +3OR2  R, 

o 

C  -ISR,  +  3R4— 6OR9  — 21RaR5— VR2*-1-35R,«R3  +  70R22R4  +  210R4* 
_   3y2^y«  -21y,^y3y,  +  35ya  y32y^  ^i^-Ly^i 

and  eliminate  from  these  x'^,  giving  the  differential  invariants 

*i=  (3y,V5- 15  727374  +^'^-73')  :  (37.y4  -  Sya^)* 

*2  -  (3ya»yc  -21  y,^y,y5  +35y,y,«y,  -  »3^y3*)  :  (Sy^J, -bj,^)*. 


Mathematical  Definitions.    Bt  Moseb  C.  Stevens. 


Performance  of  the  Twenty-Million-Gallon  Snow  Pumpiko  Engine  of 
THE  Indianapolis  Water  Company.    By  W.  F.  M.  Goss. 

The  fact  that  a  pumping  engine  recently  inBtalled  within  the  State  of 
Indiana  has  given  a  duty  performance  higher  than  that  previously  re- 
ported for  any  pumping  engine  in  any  country  is  deemed  of  suflQcient 
moment  to  merit  the  attention  of  the  Academy. 

This  engine  was  built  by  the  Snow  Steam  Pump  Worlds  of  Buffalo,  N.  Y., 
and  its  installation  at  the  Riverside  station  of  the  Indianapolis  Water 
Company  was  completed  in  season  for  an  acceptance  test  in  July,  1898.  It 
Is  a  triple-expansion,  fly-wheel  engine,  having  a  single  acting  pump  below 
and  in  line  with  each  of  the  three  steam  cylinders.  Its  principal  dimen- 
sions are  as  follows: 

Diameter  of  cylinders:  Inches. 

High  pressure 29 

Intermediate  52 

Low  pressure  80 
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Diameter  of  pistx)n  rods:  Inches. 

High  pressure 6 

Intermediate   7 

Low  pressure   8 

Diameter  of  pump  plunger  (three  single  acting) 33 

Stroke  of  all  pistons  and  plungers ^ 60 

The  more  important  conditions  prevailing  during  the  test  of  July  5 
were  substantially  those  of  every-day  service,  and  were  as  follows: 

Revolutions  per  minute 21.5 

Steam  pressure    155.6 

Total  pressure  against  which  pumps  were  operated  (water 
pressure  against   which   pumps   delivered,   plus  suction 

lift,)  pounds   88.7 

Indicated  horse  power 775.5 

Under  these  general  conditions  it  was  found  that  the  engine  performed 
11,725,000,000  foot-pounds  of  work  at  the  pump,  on  a  consumption  of  79,- 
093,000  British  thermal  units,  giving  a  duty  per  million  B.  T.  U.  of  160.1 
million  foot  pounds,  a  performance  which,  as  already  noted,  exceeds  by  a 
liberal  margin  that  obtained  in  any  test,  the  results  of  which  have  thus 
far  been  published.  A  comparison  of  the  performance  of  this  engine  with 
that  of  two  other  famous  engines  is  as  follows: 

Name  of  dejiigner  or  builder E.  P.  Allis  Co E.D.Learitt.Jr.    Snow  Ste&m  Pump 

Worki. 

Locality  Milwaukee,  Wis .  Chcitnut  Hill, 

Mass Indianapolii,  Ind. 

Type Triple  expansion. Triple  expansion. Triple  expansion. 

Name  of  expert  conduotinK  test Prof.   R.   (\    Car- 
penter   l»rof.  E. F.Miller. Prof. W.F.M.Goi5. 

Capacity— million  gals,  in  24  hours.  .18 20 20. 

Indicated  horse  power,  I.  H.  P 573.9. o75.7 775.5. 

Duty  based  on   1,000,0U(»  heat  units, 
expressed  in  million  foot-pounds,  l.'w 141.9 160.1. 

The  work  incident  to  the  test  was  advanced  by  careful,  painstaking 
and  conservative  methods,  and  it  was  believed  at  the  time  that  the  results 
obtained  were  as  worthy  of  confidence  as  those  ordinarily  derived  ftom 
such  work.  In  view,  however,  of  the  remarkable  performance  obtained, 
and  to  avoid  any  possible  questioning  concerning  the  performance  of  the 
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eng^ine,  the  Indianapolis  Water  Company,  with  great  liberality,  arranged 
for  a  second  test  which  should  be  so  complete  as  to  admit  of  a  thorough 
analysis  of  its  action.  This  second  test  was  run  early  in  the  present 
month  (December  3,  1898),  and,  while  all  the  facts  to  be  derived  from  it 
have  not  yet  been  determined,  enough  is  known  of  them  to  make  certain 
the  accuracy  of  the  previous  work.  The  exceptional  performance  of  the 
engine  having,  therefore,  been  carefully  established,  it  is  evident  that  the 
engine  represents  a  very  high  standard  of  engineering  practice.  It  marks 
the  engineering  progress  of  the  day.  This  makes  it  not  only  a  machine 
in  which  its  owners  may  take  just  pride,  but  one  which  lends  lustre  to 
the  whole  State. 


Tests  to  Determine  tub  Efficiency  of  Locomotive  Boiler  Coverings. 

By  W.  F.  M.  Goss. 

The  extent  of  heat  losses  occurring  by  radiation  from  a  modem  loco- 
motive boiler  under  service  conditions  has  long  been  a  matter  of  specula- 
tion. There  have  been  many  investigations  to  determine  the  radiation 
from  pipes  and  other  steam  heated  surfaces,  usually  within  buildings, 
but  until  recently  no  tests  have  been  made  which  would  disclose  the 
effect  of  the  air  currents  which,  at  speed,  circulate  about  a  locomotive 
boiler. 

During  the  past  summer  (1898),  however,  Mr.  Robert  Quayle,  Superin- 
tendent of  Motive  Power  of  the  Chicago  and  Northwestern  Railroad  Com- 
pany, in  co-operation  with  manufacturers  of  boiler  coverings,  and,  with 
the  assistance  of  the  imdersigned,  undertook  to  determine  both  the  heat 
losses  from  a  boiler  and  the  relative  value  of  several  different  makes  of 
boiler  coverings  designed  to  reduce  such  losses.  The  following  is  a  brief 
abstract  of  a  report  of  results  submitted  to  Mr.  Quayle: 

In  carrying  out  the  tests,  two  locomotives  were  employed;  one  to  be 
hereafter  referred  to  as  the  "experimental  locomotive"  was  subject  to  the 
varying  conditions  of  the  test;  the  other  being  under  normal  conditions 
and  serving  to  give  motion  to  the  experimental  locomotive,  and,  also,  as 
a  source  of  supply  from  which  steam  could  be  drawn  for  use  in  maintain- 
ing the  experimental  boiler  at  the  desired  temperature.  The  experimental 
locomotive  was  coupled  ahead  of  the  normal  engine,  and,  consequently. 
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was  first  when  running  to  enter  the  undisturbed  air.  The  action  of  the 
air  currents  upon  it,  therefore,  was  in  every  way  similar  to  those  affecting 
an  engine  doing  ordinary  work  at  the  head  of  a  train. 

The  boiler  of  the  experimental  locomotive  was  kept  under  a  steam 
pressure  of  150  pounds  by  a  supply  of  steam  drawn  from  the  boiler  of  the 
normal  engine  in  the  rear.  There  was  no  fire  in  the  experimental  boiler, 
which  at  all  times  was  practically  void  of  water.  Precautions  were  taken 
which  Justified  the  assumption  that  all  water  of  condensation  collecting 
in  the  experimental  boiler  was  the  result  of  radiation  of  heat  from  its 
exterior  surface.  This  water  of  condensation  was  collected  and  weighed, 
thus  serving  as  a  means  from  which  to  calculate  the  amount  of  heat  radi- 
ated. 

The  dimensions  of  the  experimental  boiler  are  shown  by  Table  I: 

TABLE  I. 

DimenAioTii*  of  Boiler. 

Diameter,  in  inches  52 

Heating  surface  (square  feet) 1,381 

Total  area  of  exterior  surface,  not  including  surface  of 

smoke  box  858 

Area  of  surface  covered  (square  feet)  219 

Area  of  steam  heated  exposed  surface  not  covered 139 

Ratio  of  surface  covered  to  total  surface 61 

The  results  of  the  tests,  briefly  stated,  are  shown  in  Table  II: 

TABLE    II. 

Pounds  of  Steam  at  150  Pounds  P-essure  Condensed  per  Minute, 

Bare  boiler  at  rest  6.8 

Bare  boiler  moving  at  a  uniform  speed  of  28.3  miles  per 
hour   14.3 

Boiler  covered  In  the  usual  way  with  approved  material— 
61  per  cent  of  the  total  surface  only  being  protected— at 
rest 3.0 

Boiler  covered  in  the  usual  way  with  approved  material— 
61  per  cent,  of  the  total  surface  only  being  protected — 
moving  at  a  uniform  speed  of  28.3  miles  per  hour* 5.8 
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Assuming  a  rate  of  steam  consumption  by  engine,  and  an  eyaporatiye 
efficiency  of  the  boiler  which  represent  results  obtained  in  fair,  average 
practice,  the  heat  losses  disclosed  by  the  preceding  figures  may  be  trans- 
formed into  power  losses,  which  are  as  follows: 

TABLE  m. 

Horse- Poiver  EquitaletU  of  Beat  Radiated  from  Boiler, 

Bare  boiler,  locomotive  at  rest 12 

Bare  boiler,  locomotive  running  28.8  miles  per  hour 25 

Boiler  covered  with  approved  material  in  a  manner  com- 
mon to  good  practice,  locomotive  at  rest 4.5 

Boiler  covered  with  approved  material  in  a  manner  com- 
mon to  good  practice,  locomotive  running  28.8  miles  per 
hour  9.3 

Again,  the  results  obtained  afford  a  basis  from  which  calculations  may 
be  made  to  show  the  extent  of  losses  which  will  occur  when  the  locomo- 
tive is  run  at  higher  speeds  and  under  lower  atmospheric  temperatures. 
For  example,  it  can  be  shown  that  had  the  boiler  tested  been  run  at  a 
speed  of  eighty  miles  an  hour  under  a  steam  pressure  of  200  pounds, 
when  the  atmospheric  temperature  is  0  degrees,  it  would,  if  bare,  have 
radiated  an  amount  of  heat  which  is  the  equivalent  of  sixty-seven  horse 
power,  and  if  covered  in  the  most  approved  manner  it  would  have  radi- 
ated an  amount  of  heat  which  is  the  equivalent  of  twenty-flve  horse 
power. 

It  will  be  seen  that  the  radiation  losses  are  quite  sufficient  to  merit 
the  earnest  attention  of  those  interested  in  improving  the  performance  of 
locomotives. 


The  Leonids  of  1898.    By  John  A.  Miller. 

As  the  results  of  the  observations  of  the  Leonid  shower  of  1898,  made 
at  various  places  in  the  United  States,  are  accessible,  this  note  shall  only 
have  to  do  with  the  observations  made  at  Bloomlngton,  Indiana. 

We  limited  ourselves  chiefly  to  two  classes  of  observations.  B^rst,  the 
determination  of  the  number  of  Leonids  that  fell  during  certain  periods 
of  time  between  November  12  and  November  19.  We  h(^;>ed  from  this  data 
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to  determine  the  density  and  the  width  of  the  stream  at  this  point  in  its 
path.  We  had  prepared  a  circular  map  of  the  slcy  with  a  radius  of  about 
32°  and  a  center  near  ;'  Leonis,  and  conlined  our  watch  to  this  portion  of  the 
heavens.  The  following  table  exhibits  the  results  of  these  observations. 
It  should  be  added,  however,  that  these  observers  were  making  their 
first  meteor  observations  and  that  their  judgment  as  to  whether  a  given 
meteor  was  a  Leonid  or  non-Leonid  was  probably  in  many  instances  pre- 
judiced in  favor  of  the  former.  Hence  I  am  inclined  to  believe  that  about 
eighty  per  cent,  of  the  meteors  observed  were  Leonids;  the  remainder  be- 
longed to  other  streams. 


Date. 

November  12. 
November  12. 
November  12 
November  13. 
November  14. 
November  14. 
November  14. 
November  15. 
November  15. 
November  15. 
November  15. 
November  15. 
November  15. 
November  15. 
November  15. 
November  15. 
November  15. 
Nov.  15-16.... 
November  16. 
November  19. 


Period   I   Period 
Begins.  ,    Ends. 


9       ® 

5-.   s 


Condition 
of  Sky. 


Remarks. 


15 
21 


I  4.00  a.m.:  4.30  a.m 
I  4.30  a.m.   5.00  a.m, 

111.00  p.m.il2.00m.    ' 

I                  I                  I 
!ll.00|).m.l2  00m.    ' 

I  I  I 

112.01  a.m. I  4.00  a.m. I 

I  4.0Oa.m.!  5.00  a.m.       2 

11.00  p.m. 12.00  p.m.     41 

12.11  a.m.  12.30  a.m.     20 

I 
12.30  a.m.  12.45  a.m.      IS 

12.45  a.m. I  1.00  a.m.     14 

j 
l.OOa.m.i  1.15  a.m.     14 

1.15a.m.'  IJiOa.m.  22 

l.:»a.m.    1.45a.m.i  22 

2.00  a.m.'  2.15  a.m.'  20 

2.50  a.m.   3.05  a.m.!  27 

4.10  a.m.    4.:^  a.m.'    28 

'  I 

10.:'.0  p.m.  11  JiO  p.m.  None 

11.50  p.m.  12.25  a.m.       1 

4.30  a.m.'  5.00a.m.l      6 

l.(X)a.m.    l;«a.m.       1 


Cloudless  —    No  distinction  as  to  class  of  meteors 
Cloudless  — I  No  di.«tinetion  IS  to  class  of  meteors 

Cloudy  

Cloudy  

Cloudy I  Not  a  break  in  the  sky. 

Cloudy I  Only  a  small  patch  of  fky  visible. 

Clou<lle."»8 

Cloudless  —  I 

Cloudless 

Cloudless  —  I 
Cloudless I 

Cloudless  — 

I 

(.'loudless 

I 

Cloudless 

I 

rioudle.><s t 

Cloudle.ss  — \  Of  the-'ci"*  were  certainly  Leonids. 

Cb>udles?  — 

Cloudle?»a  —    This  was  a  Leonid. 

Cbmdless  —    These  were  Leonids. 

Cioudh's.s  —    This  wa.^  a  Leonid.  It  was  as  bright 

:i.^  Resrulus. 


On  November  15.  at  3:02  a.  m.,  a  green  point  of  light  appeared  in  the 
siclcle  at  about  right  ascension  lOh  and  declination  22*.  Gradually  the 
point  of  light  soem<Hl  to  spread  until  It  covered  an  area.   In  a  few  seconds 
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this  area  faded  slowly  and  disappeared.  It  was  the  only  stationary  meteor 
that  we  observed. 

Many  meteors  were  observed  that  appeared  outside  the  region  covered 
by  the  map.  These  are  not  included  in  the  foregoing  table.  For  example: 
I  watched  the  region  surrounding  Orion  (not  in  the  map)  from  1:45  to  2H)0 
a.  m.,  November  15.    Fifteen  bright  Leonids  were  observed. 

The  meteors  were  rarely  as  bright  as  the  first  magnitude  stars.  The 
longest  trail  that  we  saw  was  about  110**  long,  but  the  average  length  was 
not  more  than  20^.  The  accompanying  figure  is  that  of  a  normal  Ijeonid 
as  I  saw  them. 


The  head  of  the  brightest  meteors  seemed  globular,  and  to  be  slightly 
separated  from  the  tall  as  if  it  were  surrounded  by  an  envelope  of  non- 
luminous  gas.  The  globular  appearance  was  doubtless  due  to  irradiation. 
The  color  of  the  head  was  generally  yellowish  red,  a  little  more  yellow 
than  Mars,  suggestive  of  a  heated  iron  passing  from  a  white-hot  to  a 
red-hot  temperature.  The  tail  or  train  was  blue  or  green.  The  brighter 
the  tall  the  greener  it  appeared.  It  seemed  to  me,  also,  that  the  brighter 
trains  had  a  bright,  narrow,  perfectly  straight  streak  or  spine,  exactly 
in  the  middle  of  the  tail,  and  in  the  path  described  by  the  head.  That 
whatever  cause  produced  the  tail  was  more  intense  in  the  broad  part  is 
shown  by  the  fact  that  the  broad  part  faded  out  last,  and  in  case  of  a  very 
bright  meteor  some  seconds  after  the  head  had  disappeared. 

Our  second  object  was  to  obtain  a  permanent  record  of  the  paths  de- 
scribed by  the  meteors,  and  to  determine  the  radiant.  To  this  end  we 
platted  the  paths  on  the  maps  as  the  meteors  fell.  In  all  about  225  paths 
were  platted  on  four  different  maps.  The  paths  were  then  produced. 
Many  of  them  intersected  in  a  comparatively  small  area.  The  average 
of  four  determinations  for  the  radiant  gave  Right  ascension=Oh,  45m; 
Decllnation=21**,  40m. 

The  number  of  Leonids  that  fell  during  the  last  shower  was  not  so 
large  as  anticipated.  This  augurs  well  for  a  large  shower  November 
13-16,  1889.  The  observations  also  show  that  the  stream  is  wider  than 
formerly  supposed. 
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A  Linear  Relation  BtrrwEEN  Certain  of  Klein^s  X  Functions  and  Sigma 
Functions  of  Lower  DmsioN  Value.     By  John  A.  Milleb. 

Professor  Felix  Klein  has  defined  a  system  of  interesting  functions  by  the 

following  equation* : 

m  — 1 

X^(u)-c„    n    a  {u\^ui^2)    a) 

—    I    ~j    

m  ni 

Where  t  -=  0,  or  J,  according  as  m  is  odd  or  even,  and 


m 


m'  m 


u  is  the  fundamental  variable  of  the  elliptic  functions,  (<>i,  (^^  ^^®  periods  of  an 
elliptic  integral  of  the  first  kind,  //j,  7/2  the  periods  of  an  elliptic  integral  of  the 
second  kind,  C^^,  a  quantity  independent  of  u  and  (7(u  |  ^^^2)  is  the  ordinary 

Weierstrassian  a- function  and  where  /,  //  and  m  are  integers. 

I  shall  now  prove  that  in  the  case  m  is  a  square  number,  i.  *?.,  m  ^=^  n^  that 

A^  a  (u)  can  he  expretHed  cls  a  linear  homogeneatiM  function  of  O  (wu  ,  w^,  w,). 

n     n 
To  do  this,  we  need  the  so-called  Hermite  Iaiv^  which,  when  specialized  to 
meet  our  needs,  is  as  follows: 

Suppoie  vx  are  given  n  fjuantities  defined  a«  foUovs: 

n 
n^--  Ci^    <t(u  — ai,  j)  (i=^  1  ..  n) 

SHch  that  the  sum  of  the  zero  points  in  the  period  parallelogram  of  the  u-plane  i«, 
Andy  suppose  that  we  are  girni  a  a-producty 

p^-zMe^^'^'i  +  ^^^K"-^-  "V    )  n(u-«,) 

1  =  1 

Such  that  the  sum  of  the  ranuhing  pointA  of  Pin  the  period  parallelogram  of  IheU'plane  w 

D 

i  =  l 


•  See  Felix  Klein  :    **  Vorlesangen  iiber  die  Theorie  der  Elliptischen  ModulftinetioneOt" 
Zweiter  Band,  p.  261,  equation  1. 

tF.  Klein,  Ellipti'<chc  Normal-Curven  und  Modoln  nter  Stufe,  p.  3a5,  or  Crelle'fl  Journalt 
Band  XXXlI,Herinite!',  Lcttre  a  Mr.  Jacobi. 
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Then  P  can  be  expressed  as  a  linear  homogeneous  function  of  n. 
Proof: 

*fr  (lUl    I    tJ  1  ;    «■'  3)  =-  l(w  1,   W^)  n  <T(u i i— ! —   I  CJj,    W  o)  • 

n 

(I1+:'.)  „(„_!)„ (3) 

e 

m  1 ,  ni  >    -  0  . . .  n  —  1 

a    (nu,  I  '■'^,  '■',}  -   eC"^"^"°0  (nu  —   /^^i  +  //cj^  ^g  (nu  —  >.x^i  -f  /^^i>  I  ^^1,  ^>a) 
>//''"  n  2n  n 

n  '  11  [From  (2) 

.  •  .  ^       (nu  I  Wj,  ti^j) 

n       n 

^  (>ni  -T  ."Ha  )  (nu  —  /.o>^  -f-  /^^-^a)   ^  ^j_Jh^.  n.  (n  —  1)  (u— /Wij+Z^^a) 
n  Un     '  2  f/^" 

n  — 1 

Z']-0  n^  S^ 

fn»m  equations  (2)  and  (3). 
Whence  rr    (nu  |  Wj,  Wj) 

/      //       is  a  (i-product  of  n*  factors. 


n    n 


Whose  residue  sum, 


(n-1)         .       (n  — 1) 


Si=--  /(.>i  _|-  fio)^  -\-  n Wj  -f  n 


(jj. 


moreover  there  are  n^  dif}'erent  <|uantities 

t'T      (nu  I  Wj,  cjj)- 
/*.      // 

n      n 

If  now,  m  define  n^  quantities 

n-'  — 1 
Xi  -C\,      IT      <T(U-U2J)    (4) 

j       :0 

Ug  —  1 
Such  that      lai,  j=0     (i  —  0. . .  .n»  —  1) 
J-0 


•  Jor.lan  :    **  Cours  d' Analyse,*'  Tome  2.  p.  ;W8. 

t  Klein  :     '*  Vorle«ungen    iiber  die  Theorie  der  Elliptischen  Modulfunctionen,"  Vol. 
II,  p. 26. 
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then  by  Hermites  Law,  each  of  the  n-*  t  (nu  |  w^,  w,) 

/       u 

-  }   '_. 

n      n 
can  be  expressed  as  a  linear  homogeneous  function  of  xi. 

We  must  now  divide  our  discussion  into  two  cases  (a) 
n  ^  1  (mod.  2) 


n 


2 


f'-O     n»'n' 


^3 

n»  — 1 


•   n  ff(u— — j^'— •  I  wi, <-',), 

//  -0 
Whence  X  a  (u)  is  a  ^-product  of  n-  factors  whose  residual  sum 
n"2 

And  hence  can  be  expressed  as  a  linear  function  of  xi  defined  in  e(iuatioo  (4). 
♦There  are  n-  (juantities  X  ^  (u). 

n2 
We  have  now  shown  that  we  can  express  the  n'  quantities  X  a  (u)  &8  linear 

n» 
homogeneous  functions  of  xi,  and  also  the  n^  quantities  t  (nu  |  <•>},  (^2)  M  linear 

n*  n 

homogeneous  functions  of  xi,  whence  we  can  express  X^   (u)  as  a  linear  homo- 

n^ 
geneous  function  of  t  (nu  |  o;,,  u»,). 

-,  -  Q.  E.  D. 

n     n 

(b)  n  =  -0  (mod.  2). 

In  this  case, 

n=-l         ,  . 

X  ^^  (u)       f(6.,,  M,)    n    ^\"  '  '•'•j'-\,  _  I       (Equation  (1) 

n^  ""   •^  n^"^    2"'    "^^~'' 

'/     ,    1   ^         ,   n""^ 

2 


,  ,  .    fn-^ii-f  ^   I//,    -I-"'  .//.    lfu-n^l    --1) 

-^fi(o),,(..2)ej        ln2^2'  2       "     M  1  n^    '    2  I 


-r^  1  ^1+^*^2 


*■  Klein  :    Vorlesiungen,  etc.,  Vol.  II,  p.  264. 
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n*  — 


Whence  X  »  (u)  is  a  er-prodact  of  n'  factors  whose  residue  sum, 


n« 


S  -=  o  0)^  -\-  n^  —  la>^  and  hence  can  be  expressed  as  a  linear  homogeneous 

function  of  z  i  defined  in  equation  (4) 

B7  repetition  of  the  argument  made  in  case  (a)  it  follows  that  X  «  (u)  can  be 


expressed  as  a  linear  homogeneous  function  of  ff  (nn  |  <•>!  ^^j)* 


n» 


u     n 


Hence  our  proposition  is  proved  for  all  integral  values  of  n. 


A  Form  TLA  for  the  Deflection  of  Car  BoLerrEBs.*    By  W.  K.  Hatt. 

The  body  bolster  of  a  car  is  a  beam  which  carries  the  weight  of  the  car  and 
its  loading  and  transfers  this  weight  to  the  center  of  the  truck  bolster,  which,  in^ 
turn,  transfers  the  weight  to  the  wheels. 

The  bolsters  are  either  of  trussed  form  or  of  beam  form.  In  the  latter  case 
they  are  of  I  section  or  else  with  one  flange  and  web  plates.  < 

It  is  quite  important  to  construct  the  body  bolster  so  that  it  may  be  stiff 
enough  to  prevent  contact  at  the  side  bearings.  These  side  bearings  are  placed 
between  the  truck  and  body  bolster  to  limit  the  oscillations  of  the  car.  Evidently 
if  the  side  bearings  come  into  contact  the  consequent  friction  will  offer  additional 
resistance  when  the  car  goes  around  cvrves. 

The  problem  is  to  compute  the  deflection  of  a  beam  of  variable  depth. 

In  case  of  beam  bolsters  the  moment  of  inertia  of  the  cross  section  may  be 
taken  to  be  a  linear  function  of  the  distance  of  the  cross  section  from  the  free  end 
of  the  beam. 

Referring  to  Fig.  1,  let  AB  be  one-half  of  a  body  bolster  and  OB  the  curve 
into  which  the  half-bolster  is  bent.  Any  point  of  this  curve  is  located  with  refer- 
ence to  (>  by  its  co-ordinates  x  y;  mn  is  a  section  of  the  bolster  distant  x  from  O; 


Fig.  4.  Fig.l. 


^The  following  is  an  abstract  of  a  paper  which  is  given  in  complete  form  in  the  Railroad 
Gazette  for  December  23, 1898. 
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1  is  half  the  length  of  the  bolster.     Let  I^  be  the  moment  of  inertia  at  A,  V  the 
moment  of  inertia  at  B  and  I  the  moment  of  inertia  at  the  inyariable  section  mn. 

Assume  the  bolster  to  be  uniformly  loaded,  to  be  supported  at  a  point  and 

also  assume  that  the  moment  of  inertia  I  at  mn 


:- K  -   ['--r'-^]  .  : 


1 

that  is,  the  moment  of  inertia  increases  directly  as  x  increases. 

£  is  the  modulus  of  elasticity  of  the  material. 

Equating  the  moment  of  the  elastic  forces  to  the   moment  of  the  external 

forces  about  the  neutral  axis  of  section  mn,  we  tind 

d*y    ^    wx' 

+  ^M  x2     "^         ~2~ 

d^  y  w         x'    _         w        x' 

^        \         i  - 

Dividing  the  enumerator  of    the  fraction  by  the  denominator,  integrating 
twice  and  determining  the  value  of  the  constants,  we  find 

where  n  ^'-  -r-»    and  C  ^ 


1    — •■'    (i._i„) 

To  obtain  the  deflection  at  the  side  bearing,  it  would  be  necessary  to  substi- 
tute for  n  its  proper  numerical  value  along  with  other  values,  and  compute  the 
resulting  value  of  y.  The  deflection  at  the  side  bearing  is  not  equal  this  value  of 
y;  but  is  equal  to  the  end  deflection  minus  this  value  of  y. 

When  n  =  1, 

When  n  =-  1  and  lo  -  -  0, 

w  H 
E  y  =^  "aTT"'    *"^  when  n  -  1  and  1^^  -    I*  the  expression  becomes  indeterminate 

wl^ 
and  evaluates  to  h.  y    -  -^  .-y  • 

O    1 

The  truck  bolster  may  be  treated  as  a  cantiievtr,  with  a  terminal  load  equal 
to  ori'e-half  the  center  load  and  a  length  one-half  the  length  of  the  bolster  as  shown 
in  Fig.  4. 

r  p  —  I  1 


If  I  -  i„  + 


1 
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-,  d'y  Px  Px 

then,  E        ' 


dx,  I  Io  + 


I'-lo] 


>    J 

Integrating  this  equation  twice  and  determining  the  value  of  the  constants, 
it  becomes 

E,^     PI,     f_..     ...     ri  +  c 


r-FeT7{-[i-c<ioi.e[^;j  +  i)] 


-c''^«-cTir-4} («) 


Where  n  =^  -;—  and  C  = 


1 l^  -  lo 


When  n    -1, 
IM*      (  1 


E  y  -  -^^— J-  {  -  -  C  -h  C^  (log.,  n  -  log.e  I  )  } . 
If  In  -  0  and  n  ---  1 


2        I 


1 


W^hen  I^  ^  I,)  and  n  =  1,  the  expression  becomes  an  indeterminate  form 

I     PP. 
vhich  evaluates  to  y  ^  -j"  ~W~\ —  *  which  is  a  well-known  formula. 

Applying  formula  (A)  to  a  body  bolster,  uniform  load,  when  I*  =^  115,  I^,  = 
28,  1  --  53  in. ;  n  for  side  bearing  =  j  J,  E  --  30,000,000,  w  =  750  pounds  per  run- 
ning inch,  we  find  that  the  deflection  of  side  bearing  below  center  =  0.117  inches. 
This  same  bolster  subjected  to  actual  test  showed  a  deflection  at  side  bearing, 
tinder  above  conditions,  of  0.115  inches. 

In  this  case,  a  close  approximation  to  the  deflection  at  side  bearing  will  be 

given  by  the  expression 

1     w  P 

^~  15    Ei» 

The  method  of  loading  a  body  bolster  for  the  purpose  of  a  laboratory  test 
used  in  Purdue  University  laboratory,  may  be  worth  noting. 

A  wire  is  stretched  between  the  side  bearings,  and  the  bolster  is  loaded  near 
the  ends.  The  movement  of  the  wire  with  reference  to  the  center  is  noted.  The 
bolnter  is  next  loaded  at  points  between  the  ends  and  the  center.  Successive 
loadings  are  thus  applied  and  the  consequent  deflections  of  side  bearings  noted. 
Since  the  deflections  are  all  elastic  deflections,  the  sum  of  the  individual  deflec- 
tions for  part  loadings  may  be  taken  without  error  to  be  the  total  deflection  under 
the  sum  of  the  loadings. 
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Camphoric  Acid  :  Reduction  of  the  Neighboring  Xyijc  Acid. 

By  W.  a.  N0YE8, 

[Abstract.] 

An  account  of  the  preparation  of  the  neighboring  xylic  acid  has  been 
recently  given  by  the  author  in  the  American  Chemical  Journal.  The  add 
has  now  been  reduced  to  the  corresponding  hexahydroxylic  acid.  The 
latter  boils  at  250°— 252°,  while  dihydrociscampholytic  acid  boils  at 
244**.  The  a-brom  derivative  has  also  been  prepared  and  treated  with 
alcoholic  potash.  The  resulting  acid  is  not  ciscampholytlc  acid.  This 
proves  that  Collie's  formula  for  camphor  cannot  be  true. 


"-HYDROXY-DIHYDRO-nSCAMPHOLYTIC  AciD.       By    W.    A.    NOYES   AND 

.1.  W.  Shepherd. 

[Abstract.] 

After  many  Ineffectual  attempts  to  prepare  the  acid  by  usual  methods, 
it  was  finally  obtained  by  shaking  the  ethyl  ester  of  a-brom-dihydro-cis- 
campholytlc  acid  for  a  long  time,  at  a  temperature  of  40'*— 50**,  with  a 
strong  aqueous  solution  of  barium  hydroxide.  When  the  hydroxy  acid 
is  warmed  with  phosphoric  acid  and  lead  peroxide  (a  reaction  for  a-hy- 
droxy  acids,  recently  developed  by  Baeyer),  it  gives  a  ketone  which  Is 
probably  Identical  with  that  prepare<i  by  Mr.  E.  B.  Harris,  under  the 
direction  of  one  of  us  some  years  ago.  We  hope  to  secure  the  ketone  in 
larger  quantities  and  that  a  study  of  Its  derivatives  will  throw  new  light 
on  the  structure  of  camphor. 


Iodine  Absorption  of  Linskkd  Oil.*    By  P.  N.  Evans  and  J.  O.  Meyer. 

The  following  statement  concerning  the  necessary  excess  of  iodine 
and  the  duration  of  the  reaction,  in  determining  the  iodine  absorption  of 
oils,  occurs  in  tlie  1807  edition  (German)  of  Benedikt's  "Analysis  of  Fats 
and  Waxes'*  (page  152): 


^Tbis  paper  is  an  abstrn.'t  of  a  Ihesis  pret^cnted  by  Mr.  J.  0.  Meyer,  for  tbe  degree  of 
B.  Sc,  and  placed  in  ihc  library  of  Purdue  University. 
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"The  [Iodine]  numbers  are  quite  constant  if  the  iodine  solution  is  pres- 
ent in  sufficient  excess;  the  excess,  according  to  Ulzer,  when  the  reaction 
continues  for  six  hours,  must  be  at  least  50  per  cent,  of  the  iodine  used. 
Fahrion  uses  an  excess  of  100  per  cent,  of  the  absorbed  iodine  (i.  e.,  also 
50  per  cent,  of  the  iodine  used)  with  a  reaction  of  only  two  hours,  and 
Holde  recommends  for  this  period  of  reaction  the  use  of  75  per  cent,  ex- 
cess of  iodine.  ♦  ♦  ♦  With  a  sufficient  excess  of  iodine  the  results  ob- 
tained are  the  same  after  two  hours,  six  hours,  and  longer  periods." 

This  refers  to  the  use  of  the  ordinary  HUbrs  solution  of  iodine  and 
mercuric  chloride,  and  in  the  experiments  to  be  described  the  determina- 
tions were  carried  out  in  the  usual  way,  varying  the  two  factors— (1) 
excess  of  iodine,  and  (2)  duration  of  reaction. 

Excess  of  Iodine.— It  is  stated  in  the  passage  above  quoted  that  the 
iodine  in  excess  must  be  at  least  75  to  100  per  cent,  of  the  iodine  absorbed, 
and  that  a  larger  excess  will  not  affect  the  results  if  the  reaction  is  not 
less  than  two  to  six  hours  in  duration. 

To  test  this  statement  the  writers  made  twenty  determinations  with  a 
linseed  oil,  the  mixture  being  allowed  to  stand  six  hours,  and  the  excess 
of  iodine  ranging  from  .008  to  3.658  per  unit  of  iodine  absorbed.  The  ex- 
periments were  made  in  three  series,  each  series  being  carried  out  under 
;is  nearly  as  possible  identical  conditions,  and  in  spite  of  two  slight  dis- 
crepancies in  the  twenty  experiments,  there  was  unmistakable  evidence 
that  the  iodine  number  steadily  and  materially  increased  with  the  excess 
of  iotline,  the  increase  being  nearly  as  marked  between  an  excess  of  1  and 
of  3.6  as  below  1.  The  iodine  numbers  obtained  varied  from  131.2  to  175.3, 
those  with  an  excess  of  over  1  from  161.9  to  175.3. 

Honedikt  gives  as  minimum  and  maximum  results  for  commercial  lin- 
seed oil,  according  to  twenty  authorities,  148  and  181,  with  an  average 
of  170. 

Duration  of  Reaction.— In  the  above  citation  from  Benedikt,  a  duration 
of  two  hours  is  said  to  be  sufficient  if  the  excess  of  iodine  is  equal  to 
that  absorbed  (Fahrion),  or  0.75  times  as  great  (Holde),  while  six  hours  is 
said  to  be  enough  for  ah  excess  of  1  according  to  Ulzer. 

The  writers  carried  out  eighty  experiments  to  test  this  point,  the  ex- 
cess of  iodine  varying  from  .5  to  1.4,  and  the  duration  of  the  reaction  from 
two  to  eight  hours.  The  eighty  experiments  were  made  in  six  series,  and 
only  three  of  the  eighty  experiments  failed  to  confirm  the  conclusion  that 

11— SCUKCI. 
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six  hours  is  not  long  enough  to  yield  satisfactory  results.     The  iodine 
numbers  obtained  ranged  from  131  to  184.3. 

Tlieso  results  socm  to  show  that  the  figures  given  by  Benedikt  for 
excess  of  iodine  and  duration  of  reaction  are  too  low,  and  point  to  those 
as  preferable  which  are  elsewhere  recommended  by  Schweitzer  and  Lung- 
witz,  Holde  and  Dieterich,  summed  up  by  A.  H.  Gill  in  his  "Short-Hand- 
book of  Oil  Analysis,'*  as  follows:  "The  excess  of  iodine  recommended  is 
from  150  to  250  per  cent.;  some  observers  recommend  from  400  to  600 
per  cent.  ♦  *  *  Two  hours  is  sufficient  for  olive  oil,  tallow  and  lani, 
while  for  linseed  oil,  balsams  and  resins,  twenty- four  hours  should  be 
allowed. 

TABLE   I. 
Sh(wing  Effect  of  Eiceas  of  Iodine. 


Seriea  No. 

Number  of 
Nearly  Iden- 
tical Exper- 
iments. 

AvoraRe  Excess 

of  Iodine 
per  1  Absorbed. 

Duration  of 
Reaction. 

Averaffe 

Iodine  Number 

Found. 

3 
2 
3 

.009 
.341 

6  hours 

131.2 

1 

6  hours 

147.9 

.lot 

6  hours 

151  j6 

3 

3 

2.888 
3.648 

6  hours 

161.9 

6  hours 

162.4 

2 
2 
2 

1.503 
1.954 
3.075 

6  hours 

172.3 

3 

6  hours 

6  hours 

175.3 
173  JJ 

TABLE   II. 

Showing  Effect  of  Duration  of  Reaction. 


3 
3 
3 
3 

.581* 
.566 
/>40 
.52t'. 

2  hours 

165.0 

4  hours 

leSJD 

I 

6  hours 

170.7 

8  hours 

172.3 

3 
3 
3 
2 
3 

.740 
.624 
.63« 

2  hours 

156.4 

3  hours 

156.4 

2 

4  hours 

158  J3 

.444 

.49S 

6  hours 

159.8 

8  hours 

160.8 

TABLE    U — CONlISrED. 
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3 
3 
3 
3 

.637 
.601 
.584 
-557 

2  hours 

162.4 

4  hours 

166.4 

3 

6  hours 

167.9 

8  hours 

170.9 

3 
3 
3 
3 

.655 
.618 
.610 
.589 

2  hours 

175.3 

4  hours 

179J 

4 

6  hours 

182.9 

8  hours 

184.3 

3                                  .%! 

2  h<<urs 

131.9 

3 

.940 

3  hours 

133.4 

5 

3 

.951 
.896 
.889 

4  hours 

131.0 

1 

1              3 

3 

6  hours 4 

8  hours 

134.4 
134.6 

„_. 

3 
3 
3 
3 
3 

1-535 
1.495 
1.493 
1.453 
1.396 

2  hours 

165.8 

3  hoars 

168.2 

(i 

4  hours 

168.8 

6  hours 

170.8 

8  hours 

171.5 

Some  Debmids  of  Crawfordsville.     By  Mason  B.  Thomas. 


In  looking  over  the  bibliography  of  Indiana  cryptogams  we  have  been 
greatly  surprised  at  the  very  meager  representation  of  our  Algse.  This  we  believe 
to  be  in  some  measure  due  to  the  lack  of  correlation  of  work  already  done  in 
difierent  parts  of  the  State  and  upon  which  no  report  has  been  made. 

The  past  spring  one  of  our  students,  Mr.  F.  Corey,  in  working  on  some  Algee 
made  a  list  of  Desmids  that  we  believe  worth  while  to  record.  Nothing  need  be 
said  about  the  list  except  that  the  determinations  were  carefully  made  and 
mounted  specimens  preserved  of  each  form,  together  with  notes  on  distribution, 
etc.  It  is  the  intention  to  prepare  as  complete  a  list  as  possible  of  Crawfordsville 
Algiv  with  a  view  to  some  studies  on  distribution.     Permit  ui  to  suggest  that 


1G4 

other  records  of  such  work  should  be  presented  for  the  benefit  of  thote  working 
on  this  group.  Personally  we  should  appreciate  any  such  contribution  as  bearing 
on  some  work  now  in  hand. 

Clwtenum  Utnceoialuvi^  Kg., 

Closterium  muniliferum^  Ehrb., 

Closterium  Leibleiniif  Kg.,  Var.  fMr/um,  West. 

Slauraatmm  muticunij  Berb. 
Staurastmm  botrophilunif  Wolle. 

Calocylindrus  ThwaiU»ii^  Ralfs. 

Penium  Berhissonii  (Mengh),  Ralfs. 
Penium  margaritaceum^  Berb. 

Go9manum  psfudobroomeiy  Wolle. 

OoHtnanum  granatum,  Berb. 

Cosmanum  ^peciosuniy  Lund. 

Cornnarium  IfolmUnM,  Var.  iniegmmy  Lund. 

C(mnarlum  polymorph vtriy  Nord. 

Coinnarium  Naegelianumy  Berb. 

* 

Cosmarinm  Cordannmy  Berb. 


Karyokinf»is  in  the  Embryo-sac  with   Special  Reference  to  the  Be- 

haviok  of  the  chromatin.     bv  d.  m.  mottier. 

IPubliihod  in  Jahrb.  fur  wisa.  BoUn.,  Bd.  XXX,  1897.1 


Nlclbar  Division  in  Vecjetative  Cells.     By  David  M.  Mottier. 

[Abstract.] 

In  my  iiapcr  'relxT  <las  Vcrlialteii  der  Kerne  bei  der  Entwickelung 
des  EmbryosiU'ks  und  dlt»  Voiiinf^e  boi  der  Befruchtung,"*  I  gave  a  brtef 
account  of  karyokinesis  in  the  vegetative  cells  of  Lilium,  My  Remarks 
there  are  conftneil  largely  to  tlie  behavior  of  tlie  chromatin,  the  fonnatioD 
of  rlie  spin<lle  Inking  only  in<identally  referri^l  to.  As  regards  the  latter 
process,  however,  it   is  stated  that  the  kinoplasin  is  pi-esent  in  a  much 


'  .Jahrbucher  fur  wiss.  Bot.,  Bd.  XXXI,  1897. 
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siii.illt'r  quantity  than  in  the  sexual  cells  of  the  same  plant.  As  a  rule  it  is 
not  at  first  arranged  radlallj-  about  the  nucleus,  but  forms  a  delicate  weft 
which  may  be  closely  applied  to  the  nuclear  membrane.  Not  Infrequently 
a  few  radiating  kinoplasmic  fibres  are  present  in  addition  to  the  weft 
Frequently,  and  especially  in  the  earlier  stages,  this  weft  is  so  delicate 
an<l  Ciiually  dlstributeil  about  the  nucleus  that  the  most  careful  staining 
is  necessary  to  detect  its  presence,  and  that  for  this  reason  it  may  be 
easily  overlooked. 

In  many  cases  the  fibres  of  this  weft  are  collected  in  larger  and  looser 
masses  at  different  parts  on  the  nuclear  membrane,  when  the  weft  is 
more  easily  demonstrated.  The  kinoplasmic  fibres  of  the  weft  form  a 
multipolar  spindle  which  is  rapidly  transformed  into  the  typical  bipolar 
tyi>e.  In  the  cells  of  the  ovule  of  Hellehoms  the  cap-like  masses  of  kino- 
plasmic fibres  upon  diameti'ically  opiwsite  sides  of  the  nucleus  is  often 
uunv  ivadlly  seen  than  in  Lilinm. 

Recent  investigations  which  tend  to  confirm  the  above  statement,  have 
shown  that  these  accumulations  of  kinoplasmic  fibres  are  characteristic 
of  a  definite  phase  in  the  development  of  the  spindle  in  certain  vegeta- 
tive cells. 

The  results  recently  published  by  Hof*,  which  are  in  accord  with  the 
foregoing  statement,  have  contributed  much  valuable  and  additional  data 

to  our  knowledge  of  the  formation  of  the  karyokinetic  spindle  in  higher 

plants. 

Hof  finds  further  that  the  anlage  of  the  spindle  may  be  bipolar  from 
tht*  hcjrinning.  but  in  Vida  faba  and  Pteris  sp.  along  with  this  type,  the 
monoaxial  multipolar  anlage  occurs. 

Thus  no  fundamental  difference  exists  between  the  origin  of  the 
spindle  in  vegetative  and  reproductive  cells  of  the  higher  plants,  save  that 
in  the  latter  (pollen,  and  embryosac-mother-cells)  the  anlage  of  the  spindle 
is  luultiiKilar,  with  little  or  no  definite  indication  of  the  future  longitudinal 
axis,  while  in  the  former  the  bipolar  anlage  may  occur  side  by  side  with 
the  multipolar  mono-axial  type.  It  may  be,  therefore,  as  stated  by  Hof, 
that  "es  ergiebt  sich,  so  scheint  mlr,  aus  den  bisherigen  Untersuchungen, 
dass^  ein  principieller  Unterschied  zwischen  den  multipolaren  und  bi- 
polaren  Anlaj?en  der  Kernspindel  nicht  gegeben  ist,  beide  VorgUnge  sind 
durch  die  monaxial-multipolaren  mit  einander  vereint" 

'  Hof,  A.C.:    "Hifitologische  Studien  an  Vegetationspunkten,"  Botanisches  Centralbl. 
Bd.LXXVI,1898. 
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The  development  of  the  karyokinetic  spindle  as  it  is  now  known  proves 
conclusively  that  centrosomes  do  not  exist  in  the  higher  plants. 

My  own  studies,  now  in  progress,  confirm  my  previous  statement,  and 
so  far  as  they  have  extended  are  not  at  variance  with  the  results  of  Hof. 


The  Centrosome  in  Dictyola.    By  David  M.  Mottieb. 
[Published  in  Ber.  d.  deutsch.  BoUn.  Gesell.,  Bd.  XVI,  1896.J 


The  Centrosome  in  Cells  of  the  Gamktophyte  of  Mabchamtia. 

By  David  M.  Mottieb. 

[Abstract.] 

While  making  preparations  to  demonstrate  to  a  class  the  archegonlum 
and  its  development  in  Marchontia  polymorpha,  my  attention  was  attracted 
by  conspicuous  aggregations  on  opposite  sides  of  certain  nuclei  In  the  stalk 
cells  of  the  receptacle.  Closer  observation  showed  that  these  aggregations 
were  due  to  the  presence  of  '*(*entrosi)heres,"  about  which  and  among 
whose  radiations  were  collected  chloroplasts  and  finer  cytoplasmic 
granules. 

For  our  knowledge  of  centrosomes  or  "centrospheres**  In  liverworts, 
we  are  indebted  largely  to  the  recent  researches  of  Farmer.* 

"When  nuclear  division  is  about  to  take  place,"  says  Farmer,  In  speak- 
ing of  the  germinating  spores  in  Pellia  epiphylla  Neee,  "two  structures  of 
a  minute  size  appear  on  the  outside  of  and  in  contact  with  the  nuclear 
wall,  and  from  them  beautiful  radiations  extend.  These  bodies,  or  cen- 
trospheres,  are  commonly  seen  to  be  diametrically  opposite  to  each  other 
in  position,  for  we  have  not  succeeded  in  demonstrating  them  in  the  per- 
fectly resting  cells,  nor  have  we  been  able  to  ascertain  the  existence  of 
any  definite  particle  withiu  them  which  would  indicate  the  presence  of 
a  centrosome.  It  Is  true  that  iu  some  instances  such  a  point  could  be  dis- 
tinguished, but  we  do  not  attach  much  importance  to  it,  since  in  the  great 
majority  of  centrospheres  it  completely  eluded  recognition." 

'  Farmer,  J.  B.,  and  Reeres,  Josse:  "On  the  Occurrence  of  Centrospheres  in  Pellift 
epiphylla  Nees."    Ann.  Bot.,  VIII ,  219-224, 1894. 

Farmer,  J.  B.:  **0n  Spore- Formation  and  Naolear  Dirision  In  the  Hepatieae/' Ann. 
Bot.,  IX,  469-523, 1895. 
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Uet-ent  researches  upon  certain  brown  algae  (Diotyota,^  Stypocaulon^ 
aud  Fitcus^J  have  shown  that  the  centrosome  in  plants  is  in  all  probability 
something  more  than  a  mere  point  of  insertion  of  the  kiuoplasmic  radia- 
tions. In  Dictyota  there  seems  to  be  no  doubt  but  the  centrosome  is  a 
definite  body,  being  here  relatively  large  and  rod-shaped,  and  from  which 
kinoplasmic  fibres  radiate.  In  the  vegetative  cells  of  Marchantia  I  can 
not  assert  with  absolute  certainty  that  a  definite  central  body  or  centro- 
some exists  in  all  cases,  but  I  believe  that  such  is  the  case.  In  some  in 
whicli  the  kinoplasmic  radiations  are  densely  stained,  the  dark  center 
sti'iiis  to  l>e  merely  the  point  of  union  of  the  radiations,  but  if  the  stain 
bf  washed  out  so  that  the  radiations  are  almost  colorless,  a  well-defined 
aud  densely-stained  central  body  is  generally  to  be  seen.  Since  it  is  now 
known  that  the  small  hyaline  space  in  which  the  centrosome  is  some- 
times seen  to  lie,  is  an  artefact,  the  term  centrosphere  at  present  has 
reference  to  the  centrosome  with  its  radiations,  and  it  is  in  this  sense  that 
the  word  is  here  used.  By  the  time  the  chromosomes  are  differentiated, 
and  even  earlier,  the  centrospheres  lie  nearly  diametrically  opposite  each 
other,  and  appear  to  be  in  all  cases  attached  to  the  nuclear  membrane. 
The  nucleus  is  now  generally  elliptical  in  shape  with  rather  pointed  ends 
at  wliich  the  centrosomes  are  situated.  As  Farmer  states,  it  does  seem 
that  the  centrospheres  exert  a  pulling  strain  upon  the  nucleus,  and  I  have 
ottiHi  found  that  the  ends  were  prolonged  into  slender  beaks  terminating 
in  the  centrospheres. 

1  have  not  as  yet  been  able  to  obtain  a  series  of  stages  illustrating  the 
formation  of  the  spindle.  The  mature  spindle  consists  of  delicate  bundles 
or  strands  of  kinoplasmic  fibres  extending  from  pole  to  pole.  The  fibres 
stain  readily  with  gentian  violet,  so  that  the  spindle  although  often  quite 
small  is  not  an  Inconspicuous  object  even  when  observed  by  means  of  dry 
lenses. 

As  soon  as  the  chromosomes  are  regularly  arranged  in  the  equatorial 
plate,  the  polar  radiations  become  faint  and  soon  disappear.  In  some 
cases  no  polar  radiations  were  visible  at  this  stage. 


>  Mottier,  D.M.:    "  Das  Centrosom  bei  Dictyota  (VorlUufige  MittheiluDg)."    Uer.  der 
deutflch.  bot.  Gesellach.,  XVI,  l>^. « 

"  Swingle,  W.  T.:    **  Zur  Kenntnias  der  Kern-  and  Zelltheilung  bei  dtn  8phaoelari<* 
aceen."    Jahrb.  fiir  wiss.  liott  XXX,  1897. 

^  Strasburger,  E.:    "  Kerntheilang  and  Befruchtung  bei  Fucus,"  Jahrb.  fiir  wiss.  Bot 
XXX,  181»7. 
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When  the  daughter  chromosomes  have  arrived  at  the  poles  and  before 
any  trace  of  a  nuclear  membrane  is  visible,  neither  centrosome  nor  polar 
radiations  are  to  be  seen.  Sometimes  a  small,  densely-stained  body  may 
be  seen  lying  against  the  nuclear  wall,  but  since  these  bodies  are  precisely 
like  otliers  scattered  about  in  the  cytoplasm,  it  would  be  mere  empiricism 
to  speak  of  them  as  centrosomes. 

The  vegetative  cells  of  the  gametophyte  of  Marchantia  can  not  be  said 
to  be  especially  favorable  for  the  study  of  the  karyokinetic  process.  The 
nuclei  are  small  and  the  chloroplasts  as  a  rule  collect  about  tlie  eentro- 
spheres,  thus  obscuring  many  of  the  finer  details. 


Endosperm  Haustoria  in  Ltlium  Candidum.     By  Davtd  M.  Mottier. 

[Abstract.] 

So  far  as  the  writer  is  aware,  there  is  as  yet  no  case  on  record  in 
which  it  is  known  that  a  special  provision  is  made  by  the  endosperm  of 
any  of  the  Liliaecae  for  Increasing  the  absorbing  surface  in  the  chalazal 
region. 

During  a  study  upon  the  fecundation  in  Lilium  candidum,  It  was  noticed 
that  cells  of  the  developing  endosperm  bordering  upon  the  chalazal  surface 
were  rendered  strikingly  conspicuous  by  their  denser  contents  and  the 
presence  of  karyokinetic  figures,  and  that  the  sharp  and  r^ular  line  of 
demarkation  between  endosperm  and  the  tissue  of  the  ovule  almost  dis- 
appears at  the  chalaza.  Here  the  endosperm  cells  send  ont  short,  Irregu- 
lar tubes  which  penetrate  the  tissue  of  the  chalaza  in  a  way  similar  to 
that  in  which  the  cells  of  the  foot  of  the  sporophyte  in  Anthooeroa  become 
rooted  in  the  tissue  of  the  gametophyte. 

The  growth  of  the  developing  seed  is  such  that,  before  the  endosperm 
completely  fills  the  cavity  of  the  embryo-sac,  the  chalazal  region  is  forced 
into  a  lateral  position  with  respect  to  the  longer  axis  of  the  seed.  The 
chalazal  end  of  the  embryo-sac  originally  occupied  by  the  antipodal  cells 
persists  as  a  small  cavity,  which  is  now  filled  with  a  few  endosperm  cells, 
projecting  Into  the  chalazal  tissue.  A  longitdulnal  section  of  the  endosperm 
at  this  stage  In  development,  coincident  with  the  plane  of  the  funiculus, 
presents,  in  the  chalazal  region,  a  picture  recalling  that  of  a  longitudinal 
section  through  the  foot  of  the  sporophyte  of  Anthoceroa, 
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There  seems  to  be  no  doubt  but  this  behavior  of  the  endosperm  in 
Lilium  candidnm  Is  a  provision  for  increasing  the  absorbing  surface  of  that 
tissue  in  the  region  of  greater  food  supply.  These  cells  of  the  endosperm 
may.  therefore,  be  known  as  endosperm  haustoria, 

A  similar  behavior  of  the  epidermal  cells  in  certain  parts  of  the  em- 
bryi).  siuli  as  the  colyledons,  serving  as  special  organs  of  absorption,  is 
well  known,  and  a  few  striking  illustrations  of  the  same  are  brought 
together  by  Haberlandt  in  his  "Physiologische  Pflanzenanatomie." 

The  narrowed  end  of  the  embryo-sac,  which  extends  into  the  chalazal 
region  in  certain  Compositae  (SeiiecioJ,  is  doubtless  associated  with  a  like 
fimction.  In  Senecio,  however,  the  antipodal  cells  not  only  persist  but 
multiply,  while  in  Lilium  candidnm  these  disappear  early,  and  the  space 
which  they  formerly  occupied  is  soon  filled  by  endosperm  cells. 


The  Effect  of  CENTRiFUciAL  Force  Upon  the  Cell.     By  David  M.  Mottier. 

[Pub.  in  Annals  of  Botany,  1899.] 


Absorption  of  Water  by  Decorticated  Stems.     By  Q.  E.  Ripley. 

It  is  probably  known  to  all  students  of  botany  that  the  sap  in  a  plant 
rises  chiefly  through  the  wood-cells,  and  not  through  the  cortex-cells.  This 
can  be  easilj'  demonstrated  by  securing  two  similar  leafy  shoots  from  a 
tree  or  bush.  From  one,  remove  all  the  cortex  for  about  an  inch  above 
the  cut  end,  and  from  the  other  the  wood  for  about  the  same  distance. 
Now  place  the  two  prepared  ends  in  water,  and  observe  the  rate  of  wilting 
as  sliown  by  the  turgescence  of  the  foliage.  In  a  few  hours,  if  transpira- 
tion is  rapid,  the  shoot  from  which  the  wood  has  been  removed  will  begin 
to  wilt,  and  after  a  time  will  lose  all  turgescence,  while  the  decorticated 
one  will  appear  almost  as  fresh  as  at  first  and  will  continue  so  for  a  con- 
siderable time.  This  proves  that  the  wood-cells  and  not  the  cortex-cells 
supply  the  water  to  the  shoot. 

Last  spring,  while  performing  this  experiment  in  the  laboratory  of 
vegetable  physiology  at  Purdue  University,  it  was  observed  that  the  third 
unprepared  shoot,  used  as  a  control  on  the  other  two,  wilted  much  sooner 
than  the  decorticated  one.    This  observation  at  once  raised  the  question 
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in  what  way  the  removal  of  the  cortex  at  the  cut  end  of  a  shoot  would 
delay  wilting.  In  the  unprepared  shoot  used  the  wood-cells  in  touch  with 
the  water  were  only  those  exposed  by  the  cross-section  of  the  stem,  but  in 
the  decorticated  one,  besides  these,  the  cells  from  which  the  cortex  had 
been  removed,  were  also  brought  in  touch  with  the  water,  thereby  in- 
creasing the  number  of  wood-cells  in  contact  with  the  water  in  the  de- 
corticated shoot.  As  it  has  already  been  shown  that  the  cortex  is  a  poor 
conductor  of  water,  we  can  see  that  it  will  prevent  the  water  from  reach- 
ing the  wood-cells  beneath,  but  if  removed  from  the  shoot  the  water  is 
brought  in  contact  with  these  cells  the  same  as  with  those  exi>osed  at  the 
cut  end  of  the  shoot,  and  as  results  show,  is  taken  up  by  them. 

The  turgescence  of  a  shoot  depends  upon  the  amount  of  water  supplied 
to  it  in  relation  to  the  amount  given  off  by  transpiration,  and  this  can  he 
prolonged  by  providing  a  greater  supply  of  water,  or  by  decreasing  the 
rate  of  transpiration.  As  the  latter,  however,  is  dependent  upon  the  con- 
dition of  the  atmosphere,  it  is  beyond  our  control;  but  the  supply  of  water 
is  not.  Pressure  can  be  used  to  increase  this  supply  to  the  cut  shoot,  and 
by  this  guttation  can  be  produced  in  the  vigorous  shoot,  and  turgescence 
can  be  restored  in  the  wilted.  But  this  is  too  inconvenient  to  be  of  much 
practical  value  in  preserving  cut  shoots  in  fresh  condition.  If  the  supply 
of  water  to  a  cut  shoot  can  be  increased  by  removing  the  cortex  from 
above  the  cut  end,  this  will  give  a  very  simple  method  for  prolonging 
turgescence,  a  method  that  all  may  employ  who  are  lovers  of  cut  flowers 
and  delight  to  preserve  them  as  long  as  possible. 

In  the  experiment  mentioned,  as  the  decorticated  did  not  wilt  as  soon 
as  the  corticated  shoot,  the  former  must  have  received  more  water  than 
the  latter.  If  the  end  of  a  cut  shoot  that  is  in  water  be  removed  at  difTer- 
ent  intervals  so  that  fresh  cells  are  exposed  to  the  water,  the  shoot  win 
not  wilt  as  soon  as  it  would  if  tlie  fresh  cells  were  not  exposed.  This  Is 
due  to  the  fact  that  as  the  cells  take  up  the  water  they  act  as  a  filter  and 
stop  all  foreign  matter  present  in  the  water,  and  so  in  time  the  cells  are 
choked,  and  can  not  take  up  more  water.  When  the  cortex  Is  removed 
more  wood-cells  nre  exposed,  and  it  may  l)e  that  the  water  is  not  taken  up 
any  faster  by  the  shoot,  but  on  account  of  the  greater  surface  of  cells 
exposed  they  do  not  clioke  so  soon.  But  if  the  cells  exposed  by  the  cross- 
section  do  not  overload  the  carrying  capacity  of  the  shoot,  it  should  take 
up  more  water  when  the  cortex  is  removed. 
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In  order  to  determine  if  different  shoots  would  give  results  similar  to 
those  observed  in  the  elder  shoot  used  in  the  experiment  mentioaed,  a 
number  of  experiments  were  carried  out  last  fall.  The  data,  from  all 
but  three  of  these  experiments,  were  very  satisfactory  and  supported  the 
first  result. 

The  three  which  were  not  very  satisfactory  were  with  the  tomato, 
gladiolus  and  one  of  the  maples.  They  will  be  mentioned  later.  In  these 
experiments  duplicates  were  carried  out  with  all  but  the  rose,  dahlia  and 
gladiolus;  but  were  not  carried  out  at  the  same  time  except  for  two  of 
the  experiments.  The  stems  for  the  duplicates,  while  of  the  same  species, 
were  not  always  taken  from  the  same  plant  from  which  the  first  stems 
were  secured.  The  condition  of  the  stems  used  was  noted,  efforts  being 
made  to  secure  the  two  as  near  alike  as  possible.  The  number  and  con- 
dition of  the  leaves  were  taken,  but  the  amount  of  foliage  present  did  not 
appear  to  have  any  appreciable  effect  upoix  the  results.  If,  however,  a 
large  surface  of  foliage  was  employed  and  suitable  apparatus  used,  it 
would  undoubtedly  be  apparent  in  the  data. 

The  length  that  the  stems  were  decorticated  was  measured  for  each 
experiment,  and  the  relation  between  the  length  of  cortex  removed  and 
the  time  of  wilting  is  shown  in  the  table. 

In  the  first  of  the  experiments  performed  last  fall,  stems  from  a  ca- 
talpa  were  used.  The  tree  stood  in  the  open  on  high,  dry,  gravelly  soil, 
and  was  about  ten  inches  in  diameter.  Two  stems  each  having  the  same 
number  of  leaves  were  secured.  From  one  the  cortex  was  removed  for 
about  2.8  cm.  above  the  cut  end,  from  which,  just  before  it  was  put  in 
the  water,  a  fresh  cross-section  was  made  so  as  to  expose  fresh  cells  to 
the  water.  About  3  mm.  were  cut  off  so  that  there  was  left  about  2.5  cm. 
of  decorticated  stem.  A  fresh  cross-section  was  also  made  on  the  corti- 
cated before  it  was  put  in  water.  Both  stems  were  put  in  water  at  the 
same  time.  September  20,  at  11  a.  m.,  with  the  air  temperature  at  IS.S^'C. 
The  sky  was  cloudy  and  transpiration  was  slow  that  day,  but  by  9  a.  m. 
the  next  day,  with  a  clear  sky  and  the  temperature  at  22.5*0.,  the  corti- 
cated stem  had  wilted.  The  decorticated  did  not  wilt  until  after  five  that 
evening.  Six  days  later  catalpa  stems  were  tried  again.  This  time  the 
cortex  was  removed  for  only  1  cm.  The  stems,  prepai*ed  as  before,  were 
placed  in  water  at  7  a.  m.,  temperature  21*0.  At  4  p.  m.  that  day,  temper- 
ature 24.5° C,  the  coillcated  had  wilted,  the  decorticated  wilting  about 
three  hours  later. 
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If  we  compare  the  data  secured  from  these  two  experiments,  we  find 
that  in  the  first,  with  2.5  cm.  of  cortex  removed,  there  is  a  difference  of 
over  eight  hours  in  the  wilting  of  the  corticated  and  decorticated  stem; 
and  in  the  second,  with  only  1  cm.  of  cortex  removed,  there  is  'a  difference 
of  only  about  three  hours.  Now,  if  we  talse  for  granted  that  the  two 
corticated  stems,  if  under  same  conditions,  would  have  wilted  at  about 
the  same  time,  we  have  in  the  decorticated  stems  for  a  difference  of  1.5 
cm.  of  cortex  removed  about  five  hours  difference  in  their  wilting. 

It  is  not  supposed  that  this  will  not  vary,  nor  that  stems  from  other 
plants  will  give  the  same  data,  for  different  stems  take  up  water  at  differ- 
ent rates;  but  the  following,  maple,  oak,  aster  cordifolius,  wild  cherry, 
Indian  mallow,  rose,  bitterswt^t,  dalilia  and  chrysanthemum,  with  which 
two  experiments  were  tried  from  all  but  the  rose  and  dahlia,  gave  a  sim- 
ilar relation  between  the  length  of  cortex  removed  and  the  time  of  wilting. 

With  some  of  the  experiments  wilting  was  slow  on  account  of  so  much 
moisture  being  present  in  the  atmosphere,  while  in  others  it  was  rapid, 
due  to  the  absence  of  moisture.  But  in  no  instance  was  it  evident  that 
the  decorticated  stem  wilted  sooner  than  the  corticated  one,  though  with 
the  tomato  and  gladiolus  the  time  was  apparently  the  same. 

Aster  cordifolius  gave  the  best  results.  In  the  first  experiment  with  it 
the  corticated  wilted  in  about  forty-five  hours;  the  decorticated,  with  1 
cm.  of  cortex  removed,  wilted  in  about  sixty-four  hours.  In  the  duplicate, 
the  corticated  wilted  in  about  fifty-six  hours;  the  decorticated,  with  2  cm. 
of  cortex  HMnovod,  wiltcnl  In  alK)ut  ninety  hours.  It  was  cloudy  all  the 
time  that  these  two  experiments  were  being  carried  on,  and  part  of  the 
time  was  raining,  so  that  transpiration  was  slow. 

If  we  compare  these  two  experiments  we  find  that  in  the  first  there  is 
nineteen  hours'  difference  in  the  wilting  of  corticated  stem,  and  decorti- 
cated with  1  cm.  of  cortex  removed,  and  in  the  duplicate  there  is  thirty- 
four  hours'  difference  in  the  wilting  of  corticated  stem  and  decorticated 
with  2  cm.  of  cortex  removed.  The  data  secured  from  the  other  experi- 
ments, except  those  mentioned  as  giving  no  results,  were  not  so  marked 
as  the  aster.  The  data  from  the  rose  were  furnished  by  Dr.  Arthur.  Only 
one  experiment  was  tried  but  the  result  was  good,  the  decorticated  being 
almost  as  fresh  as  at  first,  when  the  corticated  had  wilted. 

It  must  1^*  rf^incinboriHl  that  the  results  given  are  only  approximate, 
as  the  e»ye  had  to  decide  wlien  the  stems  Imd  wilted.  AVith  the  use  of 
suitable  apparatus  we  might  discover  a  relation  between  the  time  of  wilt- 
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ing  and  the  length  of  cortex  removed.  This,  if  proven,  though  it  might 
not  be  of  much  value  in  itself,  may  bring  us  a  step  nearer  to  the  final 
answer  of  that  great  question.  How  doe^  sap  rise  in  plants? 

In  the  experiments  with  tomato,  gladiolus  and  one  of  the  maples,  no 
definite  results  were  secured.  The  tomato  stems  Were  very  tender  and 
transpiration  was  so  rapid  that  the  stems  would  wilt  in  a  short  time, 
remain  wilted  until  sundown  and  then  revive  only  to  wilt  the  next  morn- 
ing. The  gladiolus  specimens  used  were  secured  from  a  bouquet  and  were 
not  in  a  fresh  condition,  which  might  account  for  failure  to  give  results. 
One  of  the  three  maple  experiments  also  gave  no  difference  in  time  of 
wilting,  but  in  the  evening  the  decorticated  stem  revived,  while  the  corti- 
cated did  not,  proving  that  the  former  took  up  water  more  readily  than 
tlie  latter. 

The  following  table  gives  the  results  of  the  experiments,  the  average 
temperature,  length  of  cortex  removed,  time  of  wilting  of  corticated  and 
decorticated,  and  the  difference  in  time  of  wilting: 


Stems  Used. 


Length  of 

Stem 

Decorticated 

in  cm. 


Arerage 

Temi>era- 

ture  in  C. 


Hours  Before  Wilting. 


Corticated. 


Decorticated 


Difference  in 

Favor  of 
Decorticated 


Catalpa 

Duplicate 

Maple 

Duplicate 

Oak 

Duplicate 

Aster  C 

Duplicate 

Wild  Cherry  .... 

Duplicate 

Indian  Mallow. . 

Duplicate 

Rose 

Bitterijweet 

Duplicate 

Dahlia  

Chrysanthemum 
Duplicate 


2.5 
1.0 
3.0 
1J> 
1.5 
2.0 
1.0 
2.0 
1.5 
2.') 
2.0 
1.0 
a  (about) 
2.5 


2-5 


2.0 
3.0 
1.5 


20.5 
22.7 
21.2 
26.0 
29.0 
:^.0 
20.2 
18.9 
20.1 
22.0 
24.0 
26.7 


19.0 
21 S) 
23.0 
26.5 
24.0 


22 

OH- 
IO 
20 

9 

7 

45 
56 
15 
12-1- 

7 

8 
40 
30 
36 
30 
29 
33 


30+ 
12+ 
36 
27.6 
13 
13.5 
64 
90 
22 
22 
11 
10 
Still  fresh. 
37 
41 
48 
46 
39 


8+ 

3+ 
26 

7.5 

4 

6.5 
19 
34 

7 
10 

4 

2 


7 

6 

18 

17 

6 


174 

Just  In  what  way  the  removal  of  cortex  delays  wilting  in  the  cot 
shoot  is  yet  to  be  determined,  but  that  it  does  is  evident  from  results  se- 
cured. It  seems  reasonable  to  suppose  that  if  the  cortex  is  removed  and 
more  w()o<1-l"o11s  exposed,  the  shoots  should  take  up  more  water,  provided 
the  cells  exposed  by  the  cross-section  are  not  able  to  supply  all  the  stem 
can  carry.  If  they  can,  however,  then  the  delay  in  wilting  must  depend 
on  the  fact  that  the  more  wood-cells  exposed,  the  more  time  required  for 
them  to  choke  and  break  down;  and  this  leaves  us  with  the  problem  as 
regards  the  ''absorption  of  water  by  decorticated  stems,'*  either  the  supply 
is  greater  or  the  cells  do  not  choke  so  soon. 


Indiana  Plant  Rusts,  Listed  in  Accordance  with  Latest  Nomenclattre. 

By  J.  C.  Arthi'r. 

Stability  in  nomenclature  is  conceded  by  all  to  be  important  In  botany 
there  should  be  one  recorded  name  for  each  plant  by  which  it  can  be  iden- 
tified, and  none  other  should  be  valid.  If  this  could  be  strictly  maintained, 
the  study  of  plants  would  be  simplified,  for  not  only  would  doubt  be  re- 
moved regarding  the  true  application  of  a  name,  but  when  a  name  was 
once  learned  it  would  hold  good  for  all  time.  How  different  the  present 
status  of  botanical  usage  is  has  been  brought  to  the  attention  of  every 
one  using  the  successive  editions  of  Gray's  Manual,  a  work  that  probably 
has  introduced  more  American  students  of  recent  years  to  an  acquaint- 
ance with  the  plants  of  field  and  highway  than  all  others  combined.  Those 
of  us  who  were  brought  up  botanically  on  the  fifth  edition  learned  to  call 
the  pretty  little  white  rue-anemone,  so  abundant  in  spring,  Thalictrvm 
an<nnonoidc8y  but  with  the  new  edition  in  1890  we  were  asked  to  forget  that 
name— no,  not  to  forget  it,  but  to  remember  that  it  is  not  the  right  one— 
and  to  say,  instead,  Anemonella  thalictroides.  If  one  had  but  to  releam  a 
few  hundred  names,  and  feel  assured  that  no  further  demands  would  be 
thrust  upon  him,  the  task  would  seem  less  wearisome.  But  the  new 
manual  names  are  scarcely  fixed  in  mind  before  the  valuable  work  by 
Britton  and  Brown  comes  to  us,  a  work  so  admirably  conceived  and  exe- 
cuted, and  so  conveniently  devised  to  assist  the  learner,  that  it  must  be 
recognized  as  the  foremost  manual  of  our  flora,  and  we  are  again  asked 
to  put  away  the  former  names  of  our  little  rue-anemone  and  to  rechrlsten 
it  among  our  list  of  acquaintances  as  St/ndesmon  thaUctroides,    There  are 
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many  such  instances;  for  example,  the  Canada  thistle  is  changed  from 
Cirsium  arvensis  to  Cnicus  arvense,  and  again  to  Carduus  arvensis.  If  we 
should  include  the  earlier  editions  of  Gray's  Manual,  and  also  the  works 
of  other  authors,  the  number  of  synonyms  would  be  greatly  increased, 
some  plants,  in  fact,  having  as  many  as  a  score  of  Latin  names.  If  we 
add  to  this  the  not  infrequent  application  of  the  same  name  to  two  or 
more  distinct  kinds,  the  confusion  becomes  appalling. 

All  this  unfortunate  state  of  afTairs  in  the  botanical  camp  has  been 
recognized  for  a  long  time,  and  various  measures  have  been  proposed 
from  time  to  time,  and  more  or  less  effectively  applied,  to  bring  about  a 
reform.  Of  these  efforts  the  most  prominent  are  the  DeCandolle  principles 
of  1813,  the  Paris  code  of  1867,  the  ruling  of  the  Genoa  Congress  of  1892, 
and  the  Rochester-Madison  code  of  1892-3.  All  the  clearly  defined  meas- 
ures are  essentially  in  accord  in  recognizing  as  fundamental  the  statement 
made  by  DeCandolle  (1813)  in  his  Elements  of  Botany  (p.  228),  viz.:  "In 
order  that  a  nomenclature  become  universal  it  must  be  fixed,  and  the 
fixity  of  that  of  natural  history  is  founded  on  this  principle,  that  the  first 
one  who  discovers  an  object,  or  who  records  it  in  the  catalogue  of  science, 
has  the  right  to  give  it  a  name,  and  that  this  name  must  be  necessarily 
accepted,  unless  it  already  belongs  to  another  object  or  transgresses  the 
essential  rules  of  nomenclature."  The  application  of  this  principle  of 
recognizing  the  first  name  applied  to  a  plant  as  its  only  legitimate  and 
correct  name  is  known  as  the  law  of  priority.  But  to  disentangle  the 
confusion  of  a  hundred  and  fifty  years  or  more  since  Lrinnseus  established 
binomial  nomenclature  is  a  great  task,  and  to  promulgate  unequivocal 
rules  for  the  present  and  future  naming  of  plants  is  almost  equally  difl3l- 
cult. 

The  first  bomb  that  was  fired  so  effectively  that  the  botanical  camp 
was  stirred  to  its  center  and  forced  to  become  aggressive,  may  be  said 
to  be  the  publication  in  1891  of  Otto  Kuntze's  Revisio  generum  plantarum. 
This  work  discarded  names  in  general  use  by  the  hundreds,  almost  by 
thousands,  and  substituted  unfamiliar  ones,  on  the  ground  of  rigid  priority. 
It  was  like  an  earthquake  shaking  the  whole  structure  of  the  nomencla- 
torial  palace,  and  threatening  no  end  of  disaster.  But  those  who  believe 
that  the  sooner  the  inevitable  change  from  a  policy  of  inaction  to  a  fear- 
less reconstruction  is  made  have  welcomed  the  efforts  of  Dr.  Kuntze,  and 
have  set  about  to  see  in  how  far  he  is  right  and  to  aid  as  much  as  possible 
in  establishing  nomenclature  upon  a  firm  basis. 
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The  class  of  plants  to  which  I  wish  to  call  attention  in  this  connection, 
the  fungi,  was  not  included  in  Dr.  Kuntze's  publication  of  1891;  but  in  a 
recent  supplemental  volume  he  has  taken  it  up;  and  it  is  because  some 
startling  changes  are  proposed  among  the  genera  of  rusts,  a  group  of 
plants  with  which  I  have  lately  been  working,  that  it  occurred  to  me  that 
the  members  of  this  Academy  might  be  interested  in  seeing  how  the  list 
of  plant  rusts  {Vredinew),  which  have  been  published  from  time  to  time  In 
its  Proceedings  since  1893>  would  look  when  revised  in  accordance  with 
what  appears  to  be  a  rigid  application  of  the  law  of  priority.  The  time 
at  my  disposal  has  not  permitted  a  thorough  re-examination  of  the  no- 
menclatorial  history  of  every  species  of  the  list,  yet  such  work  as  has 
been  done  appears  to  necessitate  some  changes,  which  in  part  were  not 
contemplated  by  Dr.  Kuntze.  Some  of  these  changes  have  been  required 
in  order  to  make  the  list  conform  to  the  Rochester-Madison  code,  espe- 
cially in  recognizing  1753  as  the  limit  for  priority,  instead  of  1737,  as 
advocated  by  Dr.  Kuntze,  and  in  permitting  specific  names  of  any  num- 
ber of  syllables,  instead  of  limiting  them  to  eight  syllables.  It  has  also 
been  necessary  to  revive  the  genus  name  Aregma,  established  by  Fries 
{01)8.  Myc,  p.  225)  in  1815,  to  replace  the  more  familiar  name  of  Phrag- 
midium,  published  by  liink  in  1810. 

The  plant  rusts  of  our  region  fall  into  two  principal  groups— the 
Melampsoracew  and  the  Pucciniacea:.  The  four  genera  of  the  first  group 
are  not  affected  by  Dr.  Kuntze' s  researches,  but  three  of  the  seven  genera 
of  the  second  group  are  altered,  and  these  are  much  the  largest  genera  of 
all  the  Uredinew.  They  are  Puccinia,  which  is  changed  to  Dicceoma; 
Vromyces,  changed  to  Cwomurus  and  Qymnosporan^^ivm,  which  unfortu- 
nately is  to  bo  known  as  Puvciuia.  By  these  ohauses  sixty-nine  species 
of  rusts  belonging  to  the  Indiana  flora,  out  of  a  total  of  eighty  species 
native  to  the  State,  are  provided  with  unfamiliar  names. 

Puccinia  first  appears  as  a  genus,  subsequent  to  the  priority  limit  ef 
1753,  in  a  worlv  published  by  Adansou  iu  17i>3,  being  adopted  from  a  much 
earlier  work  by  Mlcheli,  who  founded  it  to  receive  the  common  European 
Juniper  rust,  now  called  Gymuosporangium  juniperinum*     Other  authors. 


*.Since  the  raanujicript  of  this  iiaper  went  to  the  printer  the  <'orrectne8s  of  Dr.  Kuntr.e'f 
interpretation  of  the  generic  use  of  f'uccinin  has  heen  called  in  i|n«?8tion  by  Professor  Mag- 
nus, with  Dr.  Kuntze*^  «-ubsc«[Uont  approval.  IJut  the  critiei-sm  does  not  apply,  it  seeing  to 
me,  when  175:'.  is  at'(ei>ted  us  the  limit  of  priority,  instead  of  17;r,  as  held  by  the  German 
writers. 
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in  particular  WlUdenow,  Gmelln,  Schmidel  and  Persoon,  added  new  spe- 
cies to  the  genns,  and  especially  such  rusts  as  had  teleutospores  of  a  simi- 
lar shape,  whether  having  one,  two  or  many  cells.  These  additions  so 
overshadowed  the  original  Juniper  rust  and  its  allies  that  the  genus  came 
to  stand  for  these  more  abundant  and  more  characteristic  rusts.  After  a 
time  there  were  gradually  separated  the  one-celled  forms,  as  Cwomurus, 
alinotrt  at  once  changed  to  XJromyces,  the  many-celled  forms,  as  Phrag- 
midium,  and  the  forms  with  a  gelatinous  spore- bed,  as  Oymnoaporangium, 
leaving  tlie  coinmoii  two-celled  forms  under  the  old  name  Puccinia.  We 
are  now  a  sited  to  restore  the  name  Pticcinia  to  Its  original  use,  although 
its  misuse  has  extended  over  a  full  century. 

The  generic  name  of  Dicwomn,  which  was  first  distinctively  applied  to 
the  ordinary  two-celled  forms,  appears  to  have  been  introduced  by  Nees 
von  Esenbeck  in  1816  as  the  name  of  a  section,  and  was  erected  into  a 
distinct  genus  by  S.  F.  Gray  in  1821.  But  it  never  came  into  general  use, 
and  soon  disappeared  from  current  books  entirely.  Of  the  rusts  usually 
listed  under  Puccinia,  there  are  forty-seven  species  in  the  Indiana  flora, 
which  are  now  to  be  transferred  to  Diccdoma. 

The  case  of  the  third  genus,  Uromyces,  embracing  the  one-celled  rusts, 
is  simpler  })ut  quite  as  annoying.  The  genus  was  named  by  Link  in  1809; 
but  not  finding  the  name  to  his  liking,  he  rechristened  the  genus  seven 
years  afterward,  and  now  after  all  these  years  we  are  called  upon  to 
readopt  the  earlier  name,  dropping  the  name  Uromyces,  and  to  transfer 
our  species  to  Cwomurm.  For  it  was  held  by  DeCandoUe  long  ago  that 
"an  author,  who  has  first  established  a  name,  has  himself  no  more  right 
than  any  one  else  to  change  it  for  the  simple  reason  of  impropriety,**  and 
recent  rulings  have  held  the  opinion  to  be  sound. 

So  it  comes  about  that  the  names  of  the  four  largest  genera  of  rusts 
must  be  changed,  to  make  them  conform  to  the  law  of  priority,  after 
having  been  in  use  almost  from  the  first,  and  one  of  these  changes  Is  a 
transfer,  which  necessarily  will  cause  some  subsequent  confusion.  There 
appears  but  one  question  yet  to  be  answered.  We  must  know  whether  a 
thorough  inspection  of  the  literature  will  substantiate  the  claim  that  these 
are  in  fact  the  genuine  first  names  for  the  genera.  Feeling  considerable 
conlidence  in  the  present  conclusion,  I  here  rewrite  the  Indiana  list  of 
Vredinew,  to  more  clearly  call  attention  to  the  proposed  and  doubtless  in- 
evitable ohniijLii^es. 

12— i^CIRKCH. 
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In  the  following  list  the  name  of  the  rust  which  Is  considered  to  be  the 
correct  first  name  is  printed  In  small  capitals,  and  when  thought  necessary 
for  Identification  is  followed  by  the  name  that  is  in  more  general  use 
printed  in  italics.  The  names  of  the  hosts  on  which  the  rust  grows  are 
given  for  each  species,  conforming  to  the  nomenclature  of  Britten  and 
Brown's  ''Illustrated  Flora  of  the  Northern  States  and  Canada,"  with  liie 
more  familiar  name  added  in  parenthesis,  when  a  difference  occurs.  The 
references  after  each  host  are  to  the  page  and  year  of  the  Proceedings 
of  the  Academy,  where  additional  information  can  be  found.  Both  genera 
and  species  are  arranged  alphabetically. 

The  list  does  not  include  the  unattached  forms  under  the  genera 
JEcidivm  and  UredOf  of  which  there  are  about  twenty  kinds  recorded  for 
Indiana.  Careful  observation  supplemented  by  cultures  must  finally  de- 
cide where  these  belong.  The  only  additions  here  made  to  the  previous 
records  for  the  State  consist  of  a  few  host  plants,  which  are  clearly  indi- 
cated. The  species  included  by  Miss  Lillian  Snyder  in  her  paper  before 
the  present  session  of  the  Academy  could  not  of  necessity  be  cited. 


MELAMPSORACEiE. 

1.  Chrysomyxa  albida  Kiihn.     (Cdeosporium  Rubi  E,  &  H,) 

On  Rubus  cuneifolius  Pursh.     1893:50. 
On  Rubus  villosus  Ait.     1893 :  50. 

2.  CoLEOSPORii  M  Hydrangea.  (B,  <t*  C).     (Uredo  Hydrangea  B.  <&  C.) 

On  Hydrangea  arborescens  L.     1893 : 56.     1896 :218. 

3.  COLEOSPORIUM  IPOMCEiK  (Schw.)  Bur, 

On  Ipomaa  pandurata  (L.)  Mey.     1896  :  171,  218. 

4.  COLEOSPORIUM  SOLIDAGINIS  (SchlV.)  Thucm, 

On  Aster  azureus  Lindl.     1893:50. 
On  Aster  cordifoliug  L.     1893 :  51. 
On  Ast^r  Novte-Angliw  L.     1893 :  51. 
On  Aster  paniculatus  Lam.     1893:51. 
On  Aster  puniceus  L.     1893:61. 
On  Aster  sagittifolius  Willd.     1893 :  51. 
On  Aster  salicifolius  Lam.     1893 :  51. 
On  Aster  Shortii  Hook.     1893  :  51. 
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On  Ast«r  Tradescanti  L.     1893 :  51. 

On  Solidago  arguta  Ait.     1893 :  51. 

On  Solidago  c»sia  L.     1893  :  51. 

On  Solidago  Canadensis  L.     1893  :51. 

On  Solidago  tiexicaulis  L.     (S,  latifolia  L.)     1893:51. 

On  Solidago  patula  Muhl.     1893 :  61. 

On  Solidago  rugosa  Mill.     1893  :  51. 

On  Solidago  serotina  Ait.     1893  :  51. 

*5.     CoLEOSPORiUM  Vernoni.k  B,  &  C 

On  Vernonia  fasciculata  Michx.     1893 :  51. 

On  Vernonia  Noveboracensis  (L.)  Willd.     1893:51. 

6.  Melampsora  populina  (Jacq,)  Lev, 

On  Populus  balsamifera  L.     1893 :  51. 

On  Populus  deltoides  Marsh.     (P.  monili/era  Ait.)     1893 :  51.     1896  :  218. 

On  Populus  grandidentata  Michx.     1893 :  51. 

On  Populus  tremuloides  Michx.     1893 :  51 . 

7.  Mrlai^psora  FARIK08A  (Pers.)  Sehrivt. 

On  Salix  cordata  Muhl.     1893  :  51. 

On  Salix  discolor  Muhl.     1893:51.     1896:218. 

On  Salix  fluviatilis  Nutt.     (S.  longifolia  Muhl.)     1893  :  52. 

On  Salix  nigra  Marsh.     1893:51. 

>?.     PucciNiASTRUM  AoRiMONi^  (T>C.)  Diet.     (Oroma  Agrimonicc  Schw.) 

On  Agrimonia  hirsuta  (Muhl.)  Bick.     {A.  Eupaiona  Am.  Auct.) 
1893  :oO.     1896:218. 

On  Agrimonia  parviflora  Sol.     1893 :  50. 

PUCCINIACEiE. 

9.     Aregma  disciflora  {Tode)  nom.  nov,     (Phragmidium  subcorticium  Wint.) 
On  Rosa  Carolina  L.     1893 :  52. 

On  Rosa  humilis  Marsh.     (R.  liieida  Am.  Auct.)     1893  :52. 
On  Rosa  setigera  Michx.     1893:52. 

10.  Aregma  Fragari.i^  (DC.)  nom.  nor. 

On  Potentilla  Canadensis  L.     1893  :  52.     1896  :  218. 

11.  Aregma  speciosa  Fr,     (Phragmidium  speciot^um  Cke.) 

On  Rosa  Carolina  L.     1896  :  219. 

On  Rosa  humilis  Marsh.     Tippecanoe  Co.,  5,  1898  (Arthur). 
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12.  Cxx}yi\jRVS  C\i,Ai)ii  (Schw.)  Kuntze.     (  Tromyc^  CWadii  Farl.) 

( )n  Arisa^nia  triphyllum  (L. )  Torr.     1893  :  66.     18% :  222. 
On  Arisft'nia  Dracontium  (L.)  Schott.     1893 :  56.     1896 :222. 

13.  C.K0MURU8  CARY0PIIYLLLNTJ8  {Schr.)  KuniZt. 

On  Dianthus  Caryophyllus  L.     1893:56. 

14.  CjKOMURUS  Euphorbi.k  (Schw. )  Kuntze. 

On  Euphorbia  dentata  Michx.     1893:57.     1896:222. 

On  Euphorbia  nutans  Lag.     {E.  hi/p*^ricifolia  (ir.)     1893:57.     1896:222. 

15.  C.EOMURUS  OAURiNus  [PL]  nom.  nov.     (  Urtdo  gaurina  (Pk.)  DeT.) 

On  Gaura  biennis  L.     1896:222. 

16.  C^.OMiTRUs  ORAMixicoLUS  (5un*.)  Kuntze. 

On  Panieum  virgatum  L.     1893:57. 

17.  C^OMURUS  HowEi  (Pk.)  Kuntze. 

Oo  Asclepias  incarnata  L.     1893:57.     1896:222. 

On  Asclepias  purpurascens  L.     1893:57. 

On  Asclepias  Syriaca  L.     (-1.  Comuii  Dec.)     1893  :  57.     1896  :  222. 

18.  C.«OMURis  Hedysari-paniculati  {Schu\)  nom.  noi\ 

On  Meibomia  Canadensis  (L. )  Kuntze  (Desmodiiim  C.)     1896:222. 

On  Meibomia  canescens  (L.)  Kuntze  (Desniodium  c.)     1893:57. 

On  Meibomia  Dilienii  (Pari.)  Kuntze (i)e«mo(/twmD.)  1893:57.  1896:222. 

On  Meibomia  ht>vigata  (Nutt.)  Kuntze  (Dej<modium  L)     1893:57. 

On  Meibomia  paniculata  (L.)  Kuntze  (Demwdium p.)     1893:57. 

On  Meibomia  viridiflora  (L.)  Kuntze  (Dtsinodium  v.)     1893:57. 

19.  C.E0MURU8  Hyperici-frondosi  (Sehw.)  nom.  nar. 

On  Hypericum  Canadense  L.     1893:57. 

On  Hypericum  mutilum  L.     1893:57. 

On  Triadenum  Virginicum(L.)Raf.   (ElodeaeampantUcUal^aTBh.)  1893:57. 

20.  C^:OMURrs  JuNcr  iSrhw.)  Kuntze. 

On  .Tuncus  tenuis  Willd.     1896:222. 

21.  CjiOMURUS  LESPEDEz.K-pRoruMBENTis  {Schxv.)  nom.  nov. 

On  Lespedeza  fmtescens  (L.)  Brit.  {L.  reticulate  Ten.),     1893:57. 
On  Lespedeza  procumbens  Michx.     1893:57. 
On  Lespedeza  repens  (L.)  Bart.     1896:222. 

22.  C^OMURUS  PERIOYNIU8  {Halst.)  Kunlze, 

On  Carex  pubescena  Willd.     1893 :  57. 
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23.  C.«X)MURU8  PHA8E0LI  (Pe/«.)  nom,  nov. 

On  Strophofityles  helvola  (L.)  Brit.  (Phasetdus  divtrn/olim  Pere.). 
1893:66.     1896:172,  222. 

24.  C.KOMURUS  Pi8l  (Pers.)  Qray, 

On  Vicia  Americana  Muhl.     1896 :  222. 

25.  C.KOMURUS  PoLYGONi  {Pers.)  Kuntze, 

On  Polygonum   aviculare  L.     1893:57.     1896:223. 
On  Polygonum  erectum  L.     1893 :  68. 

26.  (',+:0MURUS  RupBECKLF.  (Arth,  tC*  Holn\)  Kunlze. 

On  Rudbeckia  laeiniata  L.     1894:152. 

27.  C^EOMURUS  Tebebinthi  (DC.)  JfiTiintec. 

On  Rhus  radicans  L.  {R,  Taxicodendron  Am.  Auct.).     1893:68. 

28.  C.*X)MURUS  Trifolii  (Hedw.)  Oray. 

On  Trifolium  hybridum  L.     1893 : 58. 

On  Trifolium  medium  L.     1893:58.    . 

On  Trifolium  pratense  L.     1893: 58.     1896:223. 

On  Trifolium  repens  L.     1893:58. 

29.  Dic^OMA  Andropoqi  (Sckw.)  Kuntzt  {Puccinia  Andropoyi  Schw.). 

On  Andropogon  furcatus  Mohl.     1896:219. 
On  Andropogon  seoparius  Michx.     1896  :  219. 

.'^0.     DiCiEOMA  Anemones  (PvU.)  nom.  nov.  {Pucciniokftntca  Relh.). 

On  Anemone  quinquefolia  L.  {A,  nemorosa  Mx.).     1894:151. 

31.     D1C.F.0MA  Anemones-Virginian .E  (Schw.)  nom,  nov.  (Puccinia  solida  Schw.). 
On  Anemone  cylindrica  Or.     1896:219. 

32.      DiC.EOMA  ANGUSTATUM  (Pk.)  Kuntzc. 

On  Soirpus  atrovirens  Muhl.     1893  :  52.     1896: 219. 
On  ScirpuB  cyperinas  (L.)  Kunth.     1893  :  52. 

33.     Dic.KOMA  APOCRYPTUM  (E.  <fe  Tr.)  Kuntzc. 

On  Hystrix  Hystrix  (L.)  Millsp.     1893:52. 

34.  DiC.KOMA  ARGENTATUM  (Schultz)  KuntZC. 

On  Impatiens  biflora  Walt.  (L.  fulva  Nutt).     1893:52.     1896 :220. 

35.  Dic.i'X)MA  AsPERiFOLii  [Pcrs.)  Kuntzc  (Puccinia  Ruhigo-vera  (DC.)  Wint.). 

On  A  vena  saliva  L.     1893:55. 

On  Elymus  VirginicuB  L.     1893:55.     1896: 221. 

On  Secale  cereale  L.     1896  :  221. 


182 

36.  DiaicoMA  ASTERis  (Ihiby)  Kuntze, 

On  Aster  cordifolius  L.     1893 :  52. 

On  Aster  lateriflorus  (L.)  Brit.  {A.  diffusus  Ait.).     1896:219. 

On  Aster  paniculatus  Lam.     1893:52. 

37.  DicJ=:oMA  BoLLEYANi'M  (iSocc.)  Kuntze. 

On  Carex  sp.     1 893 :  52.     1896 :  219. 

38.  Dic^GOMA  CiRC.*:^  {Pern  )  Kuntze, 

On  Circiea  Lutetiana  L.     1893:53.     1896:219. 

89.     Dic^OMA  CoNVOLVULi  (Pers.)  Kuntze, 

On  Convolvulas  sepium  L.     1893:53.    1896:219. 

40.  DiCJiX>MA  Ch'PKRi  (Arth.)  Kuntze  ( Pueeinia  nigrovelaia  E.  &  T.  and  P,  indugiata 

D.  &  H). 
On  Cjperus  strigosus  L.     1893:53,  54.     1894:154,  157.     1896:219,  220. 

41.  Dic.«OMA  Dayi  (Clint.)  Kuntze. 

On  Steironema  ciliatum  (L)  Kaf.     1893:53. 

42.  DiG.i^OMA  DOCHMiA  (B.  <t  C.)  Kuutze. 

On  Muhlenbergia  diffusa  Schreb.     1893 :  53,  55. 
On  Muhlenbergia  sylvatica  Torr.     1896  :  221. 

43.  Dia«OMA  Eleocharidis  (Arth.)  Kuntze, 

On  Eleocharis  palustris  ( L. )  R.  &  S.     1893 :  53.     1896 :  219. 

44.  DiCfiOMA  EMACULATUM  (Schw.)  Kuntze. 

On  Panicum  capillare  L.     1893:53.     1890  :  220. 

45.  Dic.EOMA  EPiPHYLLiM  (L.)  Kuntze  (Pueeinia  Poarum  Niels.). 

On  Poa  pratensis  h-     1893  :  57. 

46.  DiaKOMA  Fi.oscurA)soRUM  (A,  tt-  S,)  Martian, 

On  Carduus  lanceoiatus  L.     1893:53. 

On  Taraxacum  Taraxacum  (L.)  Karst.     1S93  :  53.     1896 :  219. 

47.  Dic.KOMA  GALiORUM  (Lk.)  nom.  Jiov. 

On  (Talium  Aparine  L.     1896: 172. 
On  Galium  asprelium  Mich X.     1893:53. 
On  Galium  concinnum  T.  &  G.     1803  :  53. 
On  Galium  triflorum  Michx.     1893 :  53. 

48.  Dic.EOMA  Helianthi  (Schw.)  Kuntze. 

On  Helianthus  annuus  L.     1893:55. 
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On  Helianthos  divaricatus  L.     1803:55. 

On  Helianthus  grosse-serratus  Mart.     1893 :  55.     1896 :  221 . 

On  Helianthus  strumosos  L.     1893:55. 

On  Helianthus  tracheliifoliuB  Mill.     1893 :  55. 

49.  Die J£OUJL  Hkliopstdis  (Sthw,)  Kuntse. 

On  Heiioptis  scabra  Dunal.     1893 :  54. 

50.  Dic.¥X)MA  KuHNiiG  (Schw.)  Kwiize, 

On  Kuhnia  eupatorioides  L.     1893 :  54.     1896 :  220. 

51.  DlC^OMA  LATERIPES  (B.  &  JR.)  Kuntzt, 

On  Roellia  strepens  L.     1893 :  54.     1896 :  218. 

52.  DiaF.OM A  LoBELiiE  ( Gtr, )  nom,  mw. 

On  Lobelia  syphilitica  L.     1893 :  54.     1896 :  220. 

53.  DiCJEOMA  LUDIBUNDUM  (  E,  tt*  E,)  Kufiize, 

On  Carex  sparganioides  Muhl.     1896 :  220. 

54.  DiCiEOMA  MEMTHib:  (Per8.)  Gray. 

On  Blephilia  hirsuU  (Farah.)  Torr.     1893: 54.    1896 : 220. 

On  Cunila  origanoides  (L. )  Brit.    1893 :  54. 

On  Mentha  Canadensis  L.     1893 :  54. 

On  Monarda  fistulosa  L.     1893 :  54.     1896  :  220. 

On  Koellia  piloea  (Nutt )  Brit.     1893 :  54. 

On  Koellia  Virginiana  (L. )  MacM.     1893 :  54.     1896 :  220. 

55.  DicJ':oMA  OBTBCTUM  (Pk.)  Kuntxe, 

On  Scirpns  lacustris  L.     1894: 151. 

56.  Dic-EOMA  Physosteoke  (P.  <t-  C)  KufUze, 

On  Physostegia  Virginiana  (L. )  Benth.     1894 :  151.     1896 :  220. 

57.  DiCEOMA  POCULiFORME  (Jacq.)  Kuntxe  (Pueeinia  gramini*  Pers.  and  JEcidium 

Berber idU  Pers.). 
On  Agrostis  sp.     1893 :  53. 
On  A  vena  sativa  L.     1893 :  53.     1896 :  220. 
On  Berberis  vulgaris  L.     1893 :49. 
On  Dactylis  giomerata  L.     1896:220,  223. 
On  Hordeum  jubatum  L.     1896 :220,  224. 
On  Poa  compressa  L.     1893 :  53. 
On  Poa  pratensis  L.     1893 :  53. 
On  Triticum  vulgare  L.     1893 :54. 
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58.     Dtg.£OMA  Podophylli  {Schw.)  Kuntze, 

On  Podophyllum  peltatum  L.     1893:54.     1896:221. 

69.       DiCiEOMA  POTA'GONI-AMPHIBII  {Ptrs.)  noni.  ?K)r.* 

On  Polygonum  emer^um  (Mx. )  Brit.  {P.  Muhlenbergii  Wats.).      1893:55. 
On  Polyj2jonum  hydropiperoidesMichx.  Tippecanoe  Co.,  10, 1898  (Shtare). 
On  Polygonum  lapathifolium  L.     Tippecanoe  Co.,  10,  1898  {Aiihur), 
On  Polygonum  Pennsylvanicnm  L.     Tippecanoe  Co.,  10,  1898  {Arihur), 
On  Polygonum  punctatum  Ell.  (P.  acr,>  H.  B.  K.).     1893:55,  57. 

60.  DiCiKOMA  POLYOOXT-C'ONVOLVULl  (Hedw.)  mmi.  noi. 

On  Polygonum  Convolvulus  L.     Tipi)ecan<»e  Co.,  10,  1898  (Arthur), 
On  Polygonum  scandens  L.     1S96:223. 

61.  Dic.KOMA  Prenanthis  {Pers.)  Kuiitze. 

On  NabaluB  albus  (L.)  Hook.     lS93:5o.     1896:221. 

62.  Dic.«OMA  Ranunculi  {Seym.)  Kuntzt. 

On  Ranunculus  septentrionalis  Poir.     1893 :5o. 

63.  DiC.tOMA  Rhamni  (Gmel.)  Kuntze  {Pucchna  coronata  Cda.  and  yEcidium 

Rhamni  Gmel.). 
On  Avena  sativa  L.     1896 :  219. 

On  Calamagrostis  Canadensis  (Mx.)  Keauv.     1893  :53. 
On  Rhamnus  lanceolata  Pursh.     Tippecanoe  Co.,  5,  1897  (Arthur), 

64.  Dic.KOMA  Saniculj:  (Tr/vr.)  Kuntze. 

On  Saniculn  Canadensis  L.     1893:55. 

65.  Dic.EOMA  SiLPHi  (Srhv:.)  Kuntze. 

On  Silphium  si*.     1893:55. 

66.  DiCiKoMA  SoROHi  ('SVAu'.)  Kuntzf. 

On  /A-aMavs  L.      1893:54. 

67.  Drc.icoM  V  TENirK  (fi«r/j   Kuntz* . 

On  Euputorium  ageratoides  L.      1S93  :  55.      1S96  :  221. 

68.  Dic.KOMA  Thalictri  ((Vhv.)  Kuntze. 

On  Thalic'truin  dioicnini  L.      1893:55. 


'  ToIouti»?|if>re<  hji\c  l»tM'ri  >e(.'n  only  uu  the  tir?t  lio.»t  iiutunl.  The  other  four  hosU 
show  Jin  al>uinl}intM»  of  uro(losiH)re>,  l>ul  tlio  hifk  of  teleut'>:*i'ore- leaves  the  correctness  of 
the  iletorinination  .^ouu'whRt  in  <loultt. 
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69.  DiCiBOMA  URTiCiE  (Schum,)  Kuntze^  {Puceinia  Cancis  Reb.  and  ^Eridium  Ur- 

ticcF  Si'hum.) 
On  Carex  bullata  Schk.     1893 :  52. 

On  Carex  Frankii  Kunth.  (C.  sUnoiepis  Torr.)     1893:65. 
On  Carex  funea  Willd.     1893  :  52. 
On  Carex  hirida  Wahl.     1893  :  52. 
On  Carex  Pennsjlvanica  Lam.     1896  :  172. 
On  Carex  straminea  Willd.     1893 :  52. 
On  Carex  virescens  Muhl.     1893:52. 
On  Dulichium  arundinaceum  (L.)  Brit.     1893:52. 
On  Urtica  gracilis  Ait.     Tippecanoe  Co.,  5,  1897  (Arthur).   • 

70.  Dic^OMA  Vernoni^  (Schw.)  Kuntze, 

On  Vernonia  fasciculata  Michx.     1893  :  55. 

71.  Dic^X)MA  ViLF.E  (A.  d-  H,)  nom.  nov. 

On  Sporobolus  asper  (Mx.)  Kiinth«    1896  :  221. 

72.  DiCJCOMA  ViOL^  (Sehum,)  Kuntze, 

On  Viola  obliqua  Hill  (  V,  cucullata  Ait. )     1893 :  56. 
On  Viola  striata  A  it.     1893 :  56. 

73.  Dic^X)MA  VULPI>'0IDI8  (D.  <t  H.)  Kuntze, 

On  Carex  vulpinoidea  Michx.     1893 :  56.     1896 :  221. 

74.  HiCiKOMA  WiNDSORi.R  {Schv\)  Kuntze. 

On  Sieglingia  seslerioides  (Mx.)  Scrib.  (Ti-iodia  cuprca  Jacq.).    1894 :  154. 
1896:221. 

76.     DiCiEOMA  Xanthii  (Schw.)  Kuntze, 

On  Ambrosia  trifida  L.     1893  :  56.     1896  :  222. 

On  Xanthium  Canadense  Mill.     1893 :  56.     1896  :  222. 

On  Xanthium  strumariam  L.     1893:56. 

76.     (tYmnoconia  interstitialls  {Sehl,)  Lagh.  {Puceinia  Peckinna  Howe  and 
^Ecidium  nitens  Schw. ). 
On  Rubus  occidentalis  L.     1893 :  64. 
( )n  Rubus  villosus  Ait.     1893 :  54.     1896 :  220. 


*ThiB  name  is  made  to  cover  more  than  one  8peoies»  but  the  different  forms  can  not  be 
separated  withoat  more  study  than  it  is  possible  to  give  at  the  present  time.  The  form  on 
Carex  Frankiit  which  has  been  erroneously  referred  to  Puceinia  Schroeteriana  P.  A  M.,  is 
especially  distinct,  and  probably  an  undescribed  species.  Part  of  this  material,  however, 
19  without  doubt  correctly  referred  as  above. 
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77.  PlLEOLARIA  BRiT^'IPES  B,  <t'  Br. 

On  Rhus  radicans  L.  {R.  Toxicodendron  Am.  Auct.)    1893  :  68.    1896 :  223. 

78.  PucciNiA  GLOBOSUM  {Farl.)  Kuntze  (Gi/mnosporangium  Farl.  and  Rcatelia  lac- 

erata  Ft.). 

On  Crataegus  cocci nia  L.     1893:56. 

On  Cratffigiis  Crus-Galli  L.     1894  :  153. 

On  Crat«gU8  mollis  (T.  &  G.)  Sche^le  (C.  subriUosa  T.  &  G.).     Tippe- 
canoe Co.,  7,  1898  (Arthur). 

On  Crataegus  punctata  Jacq.     1893  :  56. 

On  Juniperus  Virginiana  L.     1893 :  51. 

79.  PucciNiA  JuNiPERi-ViRGLNiANJE  (Schw.)  nom.  nov.  (Gymno9porangium  macro- 

pui  Lk.  and  Rae^elia  py^rata  Thax.). 
On  Mains  coronaria  (L.)  Mill.  (Pi/rmcoronaria  L.)    1893 :  56.    1896  :  218. 
On  Malus  Mains  (L.)  Brit.  {Pyrua  Mains  L.)     Floyd  Co.,  8, 1890  (Latta). 
On  PyruB  communis  L.     1893 :  56. 
On  Juniperus  Virginiana  L.     1893 :  51.     1896  :  218. 

80.  Uropyxis  AMORPHiE  (Curt.)  Schroet. 

On  Amorpha  canescens  Pursh.     1893  :  58. 


The  Uredinex  of  Madison  and  Noble   Counties,  with  Additional  Speci- 
mens FROM  Tippecanoe  County.     By  Lillian  Snyder. 

In  preceding  papers  over  a  hundred  species  of  Uredincv  have  been  reported 
from  the  State.  Various  counties  are  represented.  The  largest  collection  is 
reported  from  Tippecanoe,  Montgomery  and  Putnam,  while  there  are  a  number 
of  counties  from  which  no  report  has  been  made.  Among  the  latter  are  Noble 
and  Madison. 

During  my  collecting  in  Madison  county  I  have  found  nine  species.  Most  of 
these  are  abundant.  Several  rusts  on  leaves  of  Cances  were  collected,  bat,  with 
the  exception  of  one,  they  are  not  listed  here  because  the  hosts  have  not  been 
determined.  The  one  species  on  Carex  given,  is  classed  as  Puccinia  carieeSf  though 
somewhat  different  from  typical  specimens  of  that  species. 

The  following  is  a  list  of  the  Madison  county  Uredineff :  Following  the  name 
of  the  host  is  the  collector's  name,  and  the  date  of  collection. 
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Coleogporium  sonchi-arvenm  (Per.)  IA'7. 

Common  on  dry  ground.  Reported  from  Montgomery,  Johnson  and 
Putnam  counties  in  1893,  and  from  Tippecanoe  county  in  1896. 

On  AsUrsp,  9,  1898  (Snyder), 
Mtlampsora  salicina  L^v. 

Very  abundant.  Reported  from  Montgomery,  Johnson  and  Putnam 
counties  in  1893,  and  from  Tippecanoe  county  in  1896. 

On  Saliz  sp,  9,  1898  (Snyder). 
Puecinia  carices  (Schum.)     Wint. 

Very  abundant  in  places.  Grows  in  marshy  ground  in  creek  bottom. 
Reported  from  Johnson,  Montgomery,  Putnam,  Fulton  and  Boone  counties 
in  1893,  and  from  Tippecanoe  county  in  1896. 

Ob  Cartz  Frankii.  9,  1898  (Snyder). 
Pueeinia  oMterit  Duby. 

Found  only  on  one  species  of  aster.  Reported  from  Montgomery  and 
Tippecanoe  counties  in  1893. 

On  Aster  sp,  9,  1898  (Snyder). 
Uromyces  Rudbeekii  Arth.  and  Holw. 

Abundant.  Grows  in  low,  swampy  ground.  Reported  from  Montgomery 
county  in  1894. 

On  Rudheckia  ladniata  10,  1898  (Snyder). 
Vromyees  junci  (Schw.)     Tul. 

Very  common  in  low,  black  soil.  Reported  from  Tippecanoe  county  in 
1896. 

On  Juncus  tenuU  9,  1898  (Snyder.) 
Uromyces  euphorbicE  C.  P. 

Common  in  open  fields  and  along  the  streets  in  town.  Reported  from 
Putnam,  Johnson  and  Tippecanoe  counties  in  1893. 

On  Euphorbia  hypercifoliay  9,  1898  (Snyder). 
Uromyces  ffoivei  Peck. 

Common.  Reported  from  Johnson,  Montgomery,  Putnam,  Wabash  and 
Dearborn  counties  in  1893,  and  Tippecanoe  in  1896. 

On  Asclepias  cornuti  9,  1898  (Snyder). 
Uromyces  trifolii  (A.  and  S.)  Wint. 

Rare.  Found  in  only  a  very  few  places  in  open  fields.  Reported  from 
Johnson,  Montgomery,  Putnam,  Tippecanoe  and  Wabash  counties  in  1893. 

On  Trifolium  praUme  11,  1898  (Snyder.) 


188 

Besides  the  Madison  county  collection,  I  have  in   my  herbarium  fourteen 
species  of  Uredine<p  collected  in  Noble  county  by  Mr.  A.  H.  King,  of  Ayilla,  Ind. 
In  this  collection  the  host  of  Puecinia  polygonuamphibii  is  new  to  the  State. 
.^Sddium  geranii  D.  C. 

Reported  from  Vigo  county  in  1898,  and  from  Tippecanoe  in  1896. 

On  Qeranium  maeiUcUum  5,  1897  (King). 
.^kiidium  groftinilat'vr  D.  C. 

Reported  from  Putnam  and  Montgomery  counties  in  1893. 

On  RibtM  cynoshati  6,  1897  (King). 
\      Goioma  nitena  Schw. 

First  report  from  the  State. 

On  Rubiui  viUosiis  5,  1897  (King). 
Mdamptora  populina  L^v. 

Reported   from   Montgomery,  Putnam,  Johnson,  Tippecanoe  and  Mar- 
shall counties  in  1893. 

On  PoptUu8  tremuloides  10,  1897  (King). 
Mehmpnora  salieina  LAy. 

Reported  from  Montgomery,  Johnson  and  Putnam  counties  in  1893  and 
from  Tippecanoe  in  1896. 

On  Salix  sp.  10,  1897  (King). 
RoestUia  hcerata  (Sow.)  Fr. 

Reported   from   Montgomery   and  Putnam  counties  in  1893  and   from 
Tippecanoe  in  189*6. 

On  Crataegus  subvillosa  6,  1897  (King). 
Puceinia  maydis  Carr. 

Reported   from   Putnam,  Montgomery  and  Dearborn  counties  in  1893. 
Not  since  reported. 

On  Zea  Mays  9,  1897  (King). 
Puceinia  graminis  Pers. 

Reported  from  Putnam,  Montgomery,  Tippecanoe,  Marshall  and  John- 
son counties  in  1893. 

On  Triticxim  vulgare  7,  1897  (King). 
Puceinia  flosculoaorum  (A.  and  S.)  Wint. 

Reported  from  Marion,  Marshall,  Putnam,  Johnson,  Montgomery  and 
Tippecanoe  counties  in  1893. 

On  Taraxacum  dens-Uoni^  7,  1897  (King). 
Puceinia  earonaia  Oorda. 

Reported  from  Tippecanoe  county  in  1893. 
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•    On  Avena  aaiiva  7,  1897  (King). 
Pueeinio  Polygoni-amphibii  Per. 

Reported  from  Johnson  and  Putnam  counties  in  1893  on  Polygonium  ocrCy 
from  Fulton  and  Wabash  counties  in  1893  on  Poiygonium  Muhlenbergii,  and 
from  Tippecanoe  in  1896  on  Poiygonium  erectum. 

On  Poiygonium  hydropiperiodes  10,  1897  (King). 
Puccinia  podophylli  8chw. 

Reported  from  Johnson,  Monroe,  Brown,  Owen,  Vigo,  Putnam,  Mont- 
gomery, Wabash  and  Dearborn  counties  in  1893,  and  from  Tippecanoe  in  1896. 

On  Podophyllum  peliatum  5,  1897  (King). 

Uromycea  caladii  (8chw.)  Farlow. 

Reported  from  Vigo,  Brown,  Montgomery,  Putnam,  Monroe  and  Owen 
counties  in  1893,  and  from  Tippecanoe  in  1896. 

On  Arisijcma  tnphyllum  5,  1897  (King). 
Uromyces  trifolii  (A.  and  8.)  Wint. 

Reported  from  Johnson,  Montgomery,  Putnam,  Tippecanoe  and  Wabash 
counties  in  1893. 

On  Trifolitim  praten»e  10,  1897  (King). 
The  list  of  additional  species  to  Tippecanoe  county  is  small,  only  two  new 
species  having  been  found. 
^fjcidium  Li/capi  Gerard. 

This  species  was  found  in  swampy  ground,  and  was  quite  abundant.  The 
leaves  and  stems  of  the  plant  are  covered  with  the  u^idium  which  eats  holes  in 
the  leaves  and  destroys  the  host  to  some  extent. 

On  Lycopus  sinuatis  6,  1898  (Snyder). 
Puceinia  poarum  Niels. 

Found  abundantly  in  lawns. 

On  Poo  prafennis  5,  1897  (Snyder). 


Aspergillus  oryzae  (Ahlburg)  Cohn.     By  Katherine  E.  Golden. 

A.  oryzae  is  a  mould  which  Is  of  much  practical  interest  by  reason  of 
its  zymotic  activity,  since  it  secretes  a  diastatic  ferment,  and  also  for 
the  claim  which  has  been  made  that  under  certain  conditions  of  growth, 
it  Is  convertible  into  a  yeast,  and  that,  like  most  yeasts,  it  can  give  rise 
to  alcoholic  fermentation.    It  would  constitute,  in  fact,  if  all  claims  made 
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for  ft  were  true,  a  good  working  basis  for  an  entire  distillery.  It  has  been 
used  by  the  Japanese  for  centuries  in  one  of  their  important  fermentation 
industries,  that  of  8ak6  brewing,  though  like  many  other  ferments  used 
in  early  times,  its  true  nature  was  not  understood. 

In  the  manufacture  of  sak^,  rice  is  steamed  and  then  mixed  with  some 
rice  which  is  covered  with  the  mould,  or  else  the  rice  is  sown  with  the 
spores.  The  spores  germinate  in  the  moist  and  warm  air,  forming  a  much- 
branched  mycelium  which  penetrates  to  all  parts  of  the  grains.  This  my- 
celium in  developing  secretes  a  diastatic  ferment,  which  acts  on  the  starch, 
first  liquefying  it,  then  changing  the  liquefied  starch  to  sugar.  The  form- 
ation of  spores  is  avoided  by  adding  quantities  of  fresh  grain  from  time 
to  time,  and  mdxlng  <the  fresh  grain  with  that  which  has  been  inoculated. 
The  addition  of  fresh  grain  is  repeated  several  times,  the  mass  thus 
formed  of  grains  and  mould  being  given  the  name  *'taka  koji."  The  koji 
is  mashed  with  about  three' times  its  volume  of  fresh  steamed  rice  and  four 
times  its  volume  of  water,  and  then  allowed  to  stand  at  a  temperature 
between  20''  and  30°  C.  After  some  days  tlie  niash  clears,  from  the  sac- 
charification  of  the  starch,  and  a  spontaneous  fermentation  sets  in.  This 
fermentation. is  due,  however,  to  a  different  organism  from  A.  orysae.  It 
is  presumably  on  account  of  this  fermentation  that  the  mould  has  been 
erroneously  called  Japanese  yeast.  The  fermentation  goes  on  for  two 
or  three  weeks,  and  at  the  end  of  that  time  the  liquid  is  filtered.  The  re- 
sulting liquor  is  clear,  pale  yellow,  and  contains  about  thirteen  per  cwit 
of  alcohol. 

The  mould  has  not  been  well  known  in  this  country  until  recently, 
though  it  has  been  known  in  Europe,  and  has  received  considerable  atten- 
tion from  European  botanists  for  about  twenty  years.  In  later  years 
very  enthusiastic  claims  have  been  made  in  regard  to  its  physiological 
action,  it  being  claimed  that  in  the  growth  of  the  mould,  "crystals"  of 
diastase  were  formed  on  the  filaments,  that  it  was  also  so  active  and  cer- 
tain in  its  action  as  an  alcoholic  ferment,  that  in  time  it  would  entirely 
supersede  yeast  in  the  fermentation  industries. 

HISTORICAL. 

The  work  of  the  first  investigator,  Ahlbur^.  in  1870,  was  the  naming 
and  description  of  the  fungus.  He  called  it  Eurotiiira  oryzae.  because,  as 
he  said,  the  spores  did  not  form  chains,  and  the  niyc(»lium  was  not  bent  at 
angles.    He  de8eril)ed  the  sporanj;ium  as  of  a  yellow  color  and  possessing 
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radiating  spore  tubes,  and  later  on,  in  1878,  called  attention  to  unimportant 
characteristics  of  the  mycelium,  thus  indicating  that  he  was  uncertain  in 
regard  to  the  systematic  importance  of  the  various  parts.  He  gave  no 
illustrations,  so  that  it  was  difficult  to  tell  what  he  meant.  In  consequence 
of  this,  and  that  he  named  the  fungus  Eurotium,  some  of  the  later  botan- 
ists interpreted  the  sporangia  to  be  perithecia,  and  the  radiating  spore 
tubes  asci. 

Cohn,  in  1883.  in  treating  of  the  mould  as  an  industrial  factor  in  the 
manufacture  of  rice  wine,  speaks  of  it  as  A.  oryzao,  though  he  gives  no 
morphological  characteristics.  BUsgen,  in  1885,  treats  of  the  size  and  ap- 
pearance of  the  mycelium,  conidiophores,  sterigmata,  and  conidia,  though 
not  very  fully,  as  these  were  secondary  considerations  in  his  work.  He 
also  speaks  of  its  resemblance  to  A.  flavescens.  BUsgen  was  the  first  to 
give  a  detailed  description  of  the  mould  so  that  it  was  possible  to  com- 
pare it  with  other  members  of  the  genus.  In  1893,  Wehmer  took  up  the 
work  with  the  idea  of  making  a  detailed  examination  of  the  structure, 
and  while  he  was  thus  engaged,  Schroter's  work  in  the  same  line  appeared. 
Wehmer  has  a  very  careful,  detailed  description,  and  also  some  excellent 
drawings,  and  being  a  careful,  conservative  investigator,  his  work  is  par- 
ticularly valuable. 

Later  workers  are  Takamlne,  Juhler,  Jorgensen,  Hansen,  Klocker, 
Schionning,  and  Sorel.  Takamine  is  a  Japanese  chemist  who  inti*otluce<l 
the  mould  into  this  country  for  the  purpose  of  its  introduction  into  distil- 
leries and  breweries,  his  idea  being  to  do  away  with  the  malting  of  the 
grain.  This  is  to  be  effected  by  mixing  the  mould  with  the  crushed  grain 
in  order  to  bring  about  the  dlastasic  change  in  the  starch  by  a  less  clumsy 
and  more  economical  manner  than  the  malting.  He  took  out  a  patent  in 
this  country  on  the  mould,  his  patent  treating  of  its  diastasic  function 
and  its  transformation  to  a  yeast.  The  method  was  Introduced  into  a  dis- 
tillery and  there  Juhler  obtained  the  mould,  and  took  it  to  Denmark  for 
study  in  J5rgensen's  laboratory.  Juhler  claimed  that  the  mould  could 
be  changed  under  certain  conditions  to  a  yeast,  and  Jorgensen  indorsed 
him,  and  carried  the  assertion  still  farther  by  claiming  that  other  moulds 
as  well  as  A.  oryzae  possessed  this  property.  Sorel  got  like  results  to 
those  of  Juhler  and  Jorgensen,  but  he  makes  a  still  further  assertion  in 
that  he  claims  to  reproduce  the  mould  from  the  yeast  when  he  sowed  the 
yeast  in  a  "not-quite-pure"  condition  upon  the  rice.  The  "not-quite-pure" 
condition  undoubtedly  accounts  for  his  results. 
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Hansen  took  the  opposite  view  in  disclaiming  alcoholic  fermentation, 
and  conversion  of  the  mould  to  a  yeast.  Kldcker  and  Schionning,  who 
worked  in  Hansen's  laboratorj-,  agree  with  Hansen's  view  of  the  matter, 
and  this  conclusion  was  arrived  at  after  an  extended  investigation  of  the 
mould,  this  investigation  iroluding  a  repetitlan  of  Juhler,  Jdrgensen,  and 
Sorer 8  experiments  with  original  material  furnished  by  Takamine.  and 
also  pure  material.  Wehmer  in  a  second  paper  also  agrees  with  the  non- 
production  of  yeast  and  alcoholic  fermentation,  and  states  that  there  are 
two  organisms  that  take  part  in  the  8ak6  brewing,  and  that  Takamine, 
Juhler,  and  Jorgensen  did  not  discover  the  genetic  relationship  of  the  two. 
This,  however,  does  not  state  the  true  condition  of  the  case,  for  JSrgensen 
was  aware  of  the  two  organisms  present,  and  states  that  there  is  no  gen- 
etic relation  between  the  two.* 

Other  workers  upon  the  mould  are  Atkinson  of  Tokio,  who  treated 
it  from  the  industrial  point  of  view,  as  did  also  Hoifman  and  Korschelt 
Oohn,  Btisgen,  and  Ikuta  followed,  their  work  being  maiMy  along  the  same 
lines,  though  each  one  gave  some  additional  information.  The  morpho- 
logical and  physiological  characteristics  were  carefully  worked  out  by 
Kellner  and  his  assistants,  Mori  and  Nagaoka. 

There  has  been  a  large  number  of  investigations  made  upon  the  life 
history  of  the  fungus  and  yet  there  are  some  points  left  that  are  not 
clearly  given,  as  the  peculiarities  of  form  due  to  varying  conditions,  and 
also  the  failure  to  take  advantage  from  the  industrial  point  of  the  power 
which  the  mould  is  said  to  possess  of  causing  alcoholic  fermentation. 
In  an  English  medical  journal  the  statement  is  made  that  the  mould  is 
capable  of  producing  a  strong  and  certain  alcoholic  fermentation,  and  is 
much  more  resistive  to  foreign  organisms  than  is  yeast;  that  for  these 
reasons  it  would  be  much  more  effective  and  economical  than  yeast  ia 
the  fermentation  of  bread. 

MORPHOLOUR'AL. 

The  material  for  the  following  experiments  was  some  of  the  so-called 
"original"  material,  obtained  from  Takamine.  This  original  material  is 
a  portion  of  koji,  which  was  grown  without  any  special  precautions  to 
keep  it  pure.  Pure  cultures  were  made  from  this  material,  and  were  also 
used. 

^Jorg«Di«n,  A.;    "  Micro-organisms  and  Fermentation,"  p.  93, 1893. 
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A.  or jzae'  Is  a  mould  of  a  jellowish  green  color  when  seen  in  the  ma- 
ture stage.  The  color  varies  with  the  age  of  the  plant  and  also  with  the 
medium  upon  which  the  plant  is  grown.  Favorable  solid  media  are  bran, 
rice,  and  wort  gelatine.  On  rice  and  wort  gelatine  the  yx)ung  growths  are 
of  a  light  yellow  green,  the  color  being  due  to  the  numberless  conidia 
formed.  As  the  growth  ages,  the  color  changes  to  dark  olive  green.  On 
plate  cultures  the  mycelia  are  usually  in  colonies,  due  to  the  massing  and 
germination  of  a  number  of  conidia  in  one  spot;  as  a  result,  the  plate  pi'c- 
sents  a  very  irregular  growth  appearance  (photograph  1).  On  bran  the 
color  of  the  young  growth  is  much  darker  than  that  of  the  same  age  on 
rice,  and  in  old  growths  the  color  is  brownish  olive  to  dark  brown.  In 
very  old  growths  not  a  trace  of  green  appears. 

The  mycelium  is  a  mass  of  fine,  fleecy  filaments,  very  much  branched, 
and  containing  numerous  septa.  Wehmer  states  that  the  branching  and 
septa  were  not  easily  seen,  except  with  high  magnification,  but  I  had  no 
difficulty  in  seeing  boith  features  with  low  powers,  as  photographs  2,  3 
will  show.  These  were  taken  from  gelatine-plate  cultures.  The  magnifi- 
cation is  75  diameters.  In  young  growths  the  filaments  are  filled  with  a 
finely  granular  protoplasm,  which  becomes  much  vacuolated  as  growth 
proceeds  (photographs  4,  5).  The  filaments  vary  much  In  diameter  even 
in  the  same  culture,  the  main  filament  being  large,  while  the  branches 
taper,  sometimes  these  being  extremely  fine.  In  old  cultures  the  filaments 
become  very  large,  thick  and  rough- walled  (photograph  6).  They  are  al- 
ways colorless. 

The  conidiophores  can  usually  be  distinguished  from  the  mycelial 
hyphae  as  tliey  gradually  enlarge  to  the  spherical  end.  The  length  varies 
to  such  an  extent  that  any  figures  would  not  mean  anything.  The  co- 
nidiophores are  sometimes  short  branches  at  right  angles  to  the  filaments 
from  which  they  arise  sometimes  so  long  that  their  connection  is  somewhat 
difficult  to  determine.  Biisgen  gives  the  length  of  the  conidiophore  as 
.5  mm..  Schroter.  1  mm.,  while  Wehmer  merely  states  that  they  vary  in 
length.  They  become  much  enlarged  in  old  cultures,  the  walls  become 
very  much  thickened  and  roughened  (photographs  8,  9). 

In  young  growths  the  sterigmata  are  short  and  regular,  and  vary  from 
a  few  in  number  to  sufficient  to  completely  cover  the  spherical  head;  but 
in  older  growths,  especially  when  submerged,  they  become  septate, 
souiethnes  a  Htorigma  developing  into  a  conidiophore,  which  on  its  end 
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again  develops  sterlgmata.  These  peculiarities  are  found  readily  in  moisi 
chamber  developments  (photographs  10,  11). 

The  conidla  are  spherical  and  are  formed  by  an  abstriction  from  the 
ends  of  the  sterlgmata.  They  are  colorless  and  smooth-walled  when  first 
formed  and  when  grown  submerged,  but  very  soon  develop  a  yellow  color, 
which  darkens  to  a  green,  and  when  old,  olive  and  brown.  As  soon  as 
the  conidia  developed  in  the  drop  In  a  moist  chamber  reach  the  air,  the 
walls  thicken  irregularly  and  assume  a  fine  warty  appearance.  Photo- 
graph 7  shows  the  submerged  head,  photograph  12,  older  conidla  grown 
in  the  air.  No  pictures  could  be  taken  that  give  an  adequate  idea  of  the 
number  of  conidia  formed  in  a  chain,  as  in  their  growth  they  extend  so 
far  beyond  the  plane  of  the  water  drop  that  it  was  impossible  to  focus 
them.  And  again  they  are  so  lightly  held  together  that  any  attempt  to 
mount  them  under  a  cover-glass  causes  them  to  separate. 

The  formation  of  conidia  is  the  only  method  of  reproduction  known; 
no  perithecia  have  been  observed,  though  they  have  been  mentioned  by 
the  earlier  investigators,  but  this  has  come  alK)ut  through  the  erroneous 
designation  of  the  fungus  as   a  Eurotium. 

PHYSIOLOGY. 

To  determine  if  the  mould  were  capable  of  causing  alcoholic  fermenta- 
tion, the  mould  spores  were  shown  in  ten  per  cent  solutions  of  maltose, 
dextrose,  lactose,  and  sucrose,  also  wort,  all  in  fermenrtatlon  tubes.  No 
gas  was  generated  nor  was  any  alcohol  formed.  The  mould,  however, 
grew  much  better  in  dextrose  and  maltose  than  in  lactose  and  sucrofle. 
The  lactose  growth  remained  meager,  but  the  sucrose  was  merely  slower, 
finally  reaching  the  same  extent  of  growth  as  the  dextrose  and  maltose. 

To  test  the  action  in  bread,  cultures  in  wort  were  made  of  the  mould 
and  also  of  a  yeast  which  gives  a  vigorous  fermentation.  After  these 
had  grown  for  five  days,  sponges  were  made  in  which  the  yeast  and  mould 
were  used  and  equal  quantities  of  the  other  ingredients.  In  one  set  the 
yeast  was  used  alone,  in  another  the  mould  alone,  while  In  a  third  the 
yeast  and  mould  were  used  together.  The  sponges  were  allowed  to  fer- 
ment, then  kneaded  into  dough,  and  again  fermented,  at  the  end  of  which 
time  they  were  baked.  The  yeast  sponge  fermented  most  vigorously,  the 
yeast  and  mould  much  slower,  while  the  mould  sponge  showed  but  very 
little  change.    The  yeast  and  mould  togetlier  took  an  hour  longer  than  the 
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yeast  alone  to  reach  the  same  degree  of  fermentation.  The  loaves  from 
the  yeast  were  of  sweet  taste  and  odor,  and  even-grained.  Those  from 
the  mould  were  soggy  and  heavy,  had  a  sweet  odor,  but  left  a  sharp 
aftertaste.  The  loaves  from  the  yeast  and  mould  were  very  like  those 
from  the  yeast,  but  alsp  left  the  sharp  aftertaste,  though  this  was  not 
unpleasant.  Four  persons  having  no  knowledge  of  the  constituents  of  the 
loaves^  selected  the  ones  made  from  yeast  alone  as  being  the  best  bread. 

In  testing  the  germinative  power,  cultures  were  made  in  wort,  wort 
gelatine,  Pasteur  solution  with  the  four  sugars,  lactose,  dextrose,  malt- 
ose, and  sucroee  from  inoculating  material  that  varied  in  age  from  very 
young  through  different  periods  to  one  year  and  eleven  months,  and  which 
had  been  grown  upon  rice,  bran,  wort  gelatine,  wort,  and  Pasteur  solu- 
tion containing  the  different  sugars.  The  results  show  that  the  germina- 
tive power  lessened  with  age,  but  a  more  important  factor  than  age  was 
that  of  the  original  medium  in  which  the  culture  had  been  made.  Some 
of  the  growths  from  the  wort  gelatine  plates  had  entirely  lost  their  ger- 
minative power,  while  others  were  weakened.  Wehmer  states  that  the 
age  of  the  Inoculating  material  made  no  difference  in  germinative  power, 
neither  did  the  medium  upon  which  it  had  been  grown. 

For  ascospore  formation  young  conidia  were  sown  upon  gypsum  blocks 
in  the  usual  way  for  obtaining  yeast  spores,  and  in  about  a  month's  time 
rounded  masses  of  protoplasm,  resembling  yeast  spores,  were  formed  in 
some  of  the  cells,  though  no  cell- wall  could  be  determined  for  these  ^rare- 
like  bodies.  The  same  spore-like  bodies  were  formed  from  the  protoplasm 
in  mycelial  filaments  undergoing  the  same  treatment 

No  experiments  were  made  directly  to  determine  the  diastatic  action, 
as  work  upon  this  has  been  done  quite  extensively  by  chemists. 

In  conclusion  I  would  state  that  so  far  as  any  exx>eriment  would  show, 
there  was  no  indication  that  A.  oryzse  has  the  power  of  causing  alcoholic 
fermentation,  nor  of  being  transformed  through  any  conditions  whatever 
into  a  yeast    Neither  can  it  be  used  effectively  in  bread-making. 
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EXPLANATION  OP  PLATES. 

1.  Wort  gelatine  plate  culture,  about  a  week  old.    x  %. 

2.  Germination  of  conidia  in  moist  chamber,    x  75. 

3.  Germination  of  conidia  in  moist  clinmbcr,  in  more  advanced  stage. 

4.  Same  as  3,  but  higher  magnification.    x495. 

5.  Filaments  from  wort  gelatine  plate  culture,    x  95. 

6.  Filaments  from  wort  gelatine  plate  culture,  ten  months  old.    x  495. 

7.  Conldiophore  grown  in  moist  chamber,  four  days  old.    x495. 

8.  Conldiophore  from  same  source  as  6.    x495. 

9.  Conldiophore  from  same  source  as  6.    x405. 

10.  Moist  chamber  growth,  three  weeks  old.    x495. 

11.  Moist  chamber  growth,  three  weeks  old,  showing  sterigma  developing 

as  conldiophore.    x495. 

12.  Spores  from  plate  culture,  three  weeks  old.    x  495. 
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A  Red  Mould.     t)Y  IIalph  (iilson  CutitiBS. 

The  niouhl  with  which  this  papor  lias  to  deal  was  flrst  found  at  Pui*- 
due  University  upon  a  plate  culture  which  had  been  exposed  to  the  air. 
It  was  at  first  supposed  to  l>e  a  mixture  of  a  mould  with  a  ye^ist,  and  this 
idea  was  a  natural  one  lu  view  of  the  behavior  of  the  form  when  grown 
upon  gelatine  cultures.  The  characteristics  exhibited  during  growth  In 
this  way  seem  to  partake  lx)th  of  those  ascribed  to  mouldd  and  those 
which  we  are  accustomed  to  associate  with  yeast  forms.  A  mycelium  is 
developed  flrst,  the  early  stages  of  which  resemble  in  their  growth  those 
of  the  common  moulds,  but  which  soon  disappear  completely.  Its  place 
being  taken  by  a  reddish  fllm  which  covers  the  entire  surface  of  the  cul- 
ture and  which  is  thickly  dotted  with  red  specks.  This  dotted  appearance 
is  what  gave  rise  to  the  supposition  that  a  yeast  was  present  in  company 
with  the  mould,  and  it  was  only  after  a  series  of  attenuated  cultures  had 
been  made  from  the  original  plate  that  the  true  nature  of  the  growth  was 
ascertained. 

It  is  evident  that  in  a  form  whose  growth  shows  such  a  remarkable 
and  abrupt  transition  from  the  true  mould  stage  to  a  yeast-like  stage, 
we  have  a  subject  for  research  which  should  amply  repay  the  most  careful 
investigation.  As  soon  as  it  was  determined  that  both  appearances  were 
due  to  the  growth  of  a  single  mould,  cultures  were  made  for  the  purpose 
of  following  its  life  history. 

In  fluid  cultures  the  best  results  have  been  obtained  with  wort  and 
Pasteur's  solution.  On  wort  kept  at  room  temperature,  a  growth  is  ap- 
parent in  twenty-four  hours,  and  in  forty-eight  hours  colonies  are  visible 
throjughout  the  medium  as  well  as  covering  the  surface. 

The  peculiar  red  color  Is  noticeable  even  in  the  thinnest  portion  of  the 
growth,  that  on  the  surface  showing  as  a  pinkish  fllm.  This  film,  when 
broken  by  the  platinum  needle  for  purposes  of  examination,  is  found  to 
possess  a  considerable  toughness  and  is  difl^cult  to  remove  from  the  tube, 
except  in  large  pieces. 

A  point  which  will  receive  more  attention  in  later  investigations  is 
that  when  grown  upon  sugar  solutions,  all  that  portion  of  the  growth 
which  is  exposed  to  the  air  turns  black  as  it  ages,  while  cultures  made  at 
the  same  time  upon  wort  retain  the  characteristic  red  color. 

The  filaments  of  this  mould  vary  considerably  in  size,  according  to 
age,  the  younger  ones  having  the  lesser  diameter.    They  are  divided  at 
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frequent  intervals  by  septa,  especially  in  the  older  portions;  the  septa, 
however,  seem  in  no  way  connected  with  the  position  of  the  branching 
hyphae.  The  young  filaments,  which  are  usually  ^lled  with  protoplasm 
that  is  transparent,  sometimes  contain  a  thread  of  protoplasm  which  is 
highly  refractive  and  which  shows  no  vacuoles.  It  is  possible  that  it  is 
this  thread  of  refractive  protoplasm  which,  in  rounding  off  and  becoming 
denser,  produces  the  small  spore-like  bodies  which  are  found  in  the  my- 
v?elial  cells. 

The  question  of  the  reproductive  methods  of  the  red  mould  has  been 
the  chief  source  of  difficulty  in  its  study,  and  so  far  as  the  work  has  been 
cariied  these  methods  have  not  been  fully  determined. 

As  regards  the  formation  of  conldiophores  this  mould  is  markedly  dif- 
ferent from  the  commoner  ones.  In  spite  of  the  most  favorable  vegetative 
conditions  having  been  given,  both  as  to  the  kind  of  nutritive  solution  used 
in  the  moist  chamber,  and  as  to  the  temperature,  no  conldiophores  have 
been  discovered.  A  kind  of  division  into  cells,  which  is  perhaps  analogous 
to  the  formation  of  conidia  in  other  moulds,  takes  place  (Fig.  1),  but  ob- 
servations as  to  the  true  significance  of  the  division  are  not  complete.  The 
nearest  approach  to  the  formation  of  conldiophores  is  in  the  hypha  shown 
in  Fig.  2.  Here  a  rounding  takes  place  in  the  terminal  cell  and  the  hypha 
back  of  this  rounding  is  divided  by  an  extraordinary  number  of  septa. 

However  inadequate  the  determination  of  vegetative  reproduction, 
proofs  of  sexual  reproduction  have  been  more  abundant  The  red  specks 
to  which  I  have  referred  as  being  so  thickly  distributed  over  the  surface 
of  the  gelatine  cultures  occur  also  in  the  tube  cultures  and  in  the  moist 
chamber.  When  a  culture  is  examined  under  the  microscope,  these  specks 
are  seen  to  be  dense,  irregularly  shaped  bodies  of  extremely  varying  sizes. 
(Fig.  3).  Some  are  many  times  the  size  of  others  which  have  apparently 
reached  the  same  stage  of  maturity.  They  are  formed  by  the  interlacing 
of  the  filaments  and  are  found  completely  developed  in  so  short  a  time  that 
it  has  been  impossible  to  secure  the  intermediate  stages  for  photographing. 
As  the  interlacing  of  the  filaments  goes  on,  the  massing  becomes  denser 
at  some  points  than  at  others,  and  here  these  rough,  compact,  tuberous 
bodies  are  found.  (Figs.  3,  4,  and  5.)  Unfortunately  their  thickness  prevents 
their  successful  photographing  (since  it  is  impossible  to  focus  with  the 
microscope  on  more  than  one  plane  at  a  time).  These  bodies  conform  to 
a  certain  extent  to  the  description  of  scleratia  but  their  function  is  evi- 
dently not  that  of  a  resting  body  formed  under  adverse  conditions.    On 
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the  contrary  they  are  formed  almost  immediately  under  the  most  favor- 
able conditions  and  occur  in  all  cultures.  They  rather  resemble  sporocarps 
in  their  function,  but  they  do  not  contain  asd,  so  far  as  has  been  de- 
termined. 

When  broken  open  soon  after  formation,  these  bodies  are  found  to  con- 
tain a  large  number  of  small  yeast-like  cells,  which  have  a  cell  wall  and 
are  filled  with  protoplasm  which  is  at  first  clear  but  soon  shows  a  number 
(usually  two)  of  denser,  spore-like  granules.  The  covering  of  the  body  is 
a  rough  yellowish  wall. 

If  the  yeast-like  cells  which  these  bodies  contain  were  seen  unaccom- 
panied by  any  mycelial  growth,  it  would  be  extremely  difl[lcult  to  distin- 
guish them  from  the  cells  of  a  true  yeast.  This  would  appear  to  give  con- 
siderable support  to  the  theory  that  yeast  and  mould  can  be  developed 
from  the  same  growth  interchangeably,  but  in  reality  It  does  not.  Every 
attempt  has  been  made  to  secure  budding  and  fermentation  from  these 
cells  but  so  far  neither  has  been  found.  The  growth  of  the  cell  is  In  every 
case  by  the  sending  out  of  a  true  mycelial  filament 

What  appears  to  be  another  method  of  producing  a  body  similar  to  the 
one  I  have  mentioned  Is  shown  in  photographs  6  and  7.  It  may  be  that 
one  of  the  filaments  seen  there  fertilizes  the  other,  though  ait  any  rate  the 
resulting  body  Is  similar  in  color  and  appearance  to  the  one  formed  by  the 
interlacing  of  the  filaments. 

Three  stages  in  a  peculiar  formation  are  shown  In  photographs  8,  9 
and  10.  The  process  consists  In  the  colling  together  In  a  peculiar  manner 
of  two  hyphse  which  may  or  may  not  arise  from  the  same  branch  of  the 
mycelium.  Figures  8  and  0  show  the  colling  as  It  begins  and  figure  10 
shows  It  In  a  more  advanced  stage.  The  body  In  figure  10  appears  to  have 
a  definite  structure,  being  formed  by  the  colling  of  two  hyphse— whose 
origin  is  visible— from  the  same  mycelial  branch. 

In  conclusion  It  may  be  stated  that  the  Investigations  are  by  no  means 
considered  complete,  but  that  It  Is  to  be  hoped  that  additions  can  be  made 
to  our  knowledge  In  the  near  future. 
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Culture  on  lactose  five  months  old.    x495. 

Culture  lu  moist  chamber  on  wort  three  days,    x  495. 

Culture  on  wort  gelatine  two  days  old.     x75. 

Culture  In  molat  chamber  on  wort  six  days,    x  4%. 

Culture  In  moist  chamber  on  wort  alz  days,    x  495. 

Culture  In  moist  chamber  on  wort  seven  days,    x  485. 

Culture  in  moist  chamber  on  wort  eight  days,    x  495. 

Culture  lu  mulst  chamber  on  wort  eight  days,  x  495.  : 
No.  9.  Culture  in  moist  chamber  on  wort  elgbt  days,  xi^  \ 
No.  10.   Culture  In  moist  cbamber  on  wort  eight  days.  .''^>W| 
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Affinities  of  the  Mycetozoa.    By  Edgar  W.  Olive. 

Tlie  chief  interest  which  invests  this  group  of  low  organisms  lies  in  tlio 
fact  that  the  individuals  possess  a  dual  relationship;  during  one  stage  of 
their  existence  resembling  certain  members  of  the  animal  kingdom,  while 
during  another,  they  bear  many  resemblances  to  the  plant  kingdom, 
through  the  fungi,  with  which  they  agree  somewhat  in  the  structure  of 
their  organs  of  reproduction  and  spores. 

The  spores,  on  germinating,  produce  swarm-cells  and  Plasmodia,  in- 
stead of  mycelium.  The  swarm-cells,  or  myxama?bm,  resemble  the  naked 
amcebic  of  the  animal  kingdom,  while  the  remarkable  plasmo<lium,  al- 
though there  is  no  parallel  among  undoubted  animals,  seems  to  partake 
almost  wholly  of  characters  agreed  by  scientists  to  be  clearly  animal. 

The  sporangium  has  a  membranous  wall  sometimes  resembling  the 
cellulose  walls  of  plants,  and  its  cavity  is  filled  with  free  spores  and  in 
many  species  a  scaffolding  support  of  threads  called  the  capillitlum. 
Probably  the  resemblance  of  this  reproductive  stage  to  the  fungi  is  of  very 
small  amount,  being  confined  to  purely  external  resemblances. 

The  Mycetozoa,  as  defined  by  DeBary,  embraces  two  distinct  groups, 
the  Muxomyc€t€8  of  Wallroth,  and  in  addition  the  Acraaico)  of  Van  Tieghem, 
evidently  resembling  each  other  very  closely  in  the  fact  that  their  spores 
send  forth  swarm-cells  which  exhibit  amoeboid  movements.  The  only 
important  difference  between  the  two  is  the  formation  of  Plasmodia  by  the 
coalescence  of  swarm-cells  in  the  former  and  the  formation  of  pseudoplas- 
modia  by  the  aggregation  of  the  swarm-c^lls  in  the  Acrnsitw.  It  was  re- 
garded by  DeBary  as  easy  to  conceive  of  the  common  origin  of  these  two 
closely  related  groups  or  of  the  development  of  the  one  from  the  other. 
He  says  that  probably  the  My-romycetc  Plasmodium  was  evolved  from  the 
aggregation  Plasmodium,  since  the  latter  appears  to  be  the  less  complex 
form  and  Its  fructification  much  simpler;  possibly  the  development  took 
place  in  the  converse  order. 

Botanists  seem  never  to  have  questioned  the  homology  of  the  pseudo- 
plasmodium  of  the  Acrasiew  with  the  Plasmodium  of  tlie  }fyxomyc€U:s. 
This  Plasmodium  is  strictly  vegetative;  during  this  periiKl  nourishment  is 
imbibed.  Tlio  i>seudop1asmodiuni  is  not  vegetative;  it  is  simply  prelim- 
inary to  the  reproductive  stage  by  the  aggregating  of  indivl<1uals.  It  fol- 
lows, then,  the  strictly  vegetative  stage.    If  lack  of  analogy  can  thus  bo 
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reasoned  into  lack  of  homology,  the  pseudoplasmodlum  and  Plasmodium 
may  not  correspond  in  type  of  structure. 

To  DeBary's  oft-quoted,  but  rather  ambiguous  statement  of  his  esti- 
mate with  regard  to  the  position  of  the  Mycetozoa  is  due  much  of  the  un- 
settled condition  of  the  group.  He  says:  "I  have  since  the  year  1858 
placed  the  Myxomycetes  under  the  name  Mycetozoa  outside  the  limits  of 
the  vegetable  kingdom,  and  I  still  consider  this  to  be  their  true  position.** 
Strangely,  however,  he  included  the  Mycetozoa  in  all  his  subsequent  botan- 
ical works,  as  if  ho  lacked  the  courage  of  his  convictions;  and  other 
writers  of  text-books  have  continued  to  do  the  same. 

DeBary  based  his  views  on  his  belief  that  the  Mycetozoa  in  their  evolu- 
tionary development  are  the  terminal  members  of  a  series  of  forms.  In 
his  opinion  they,  like  the  pufT-balls,  do  not  connect  with  any  higher  group. 
He  contented  himself,  then,  with  seeking  for  their  possible  affinities  with 
the  inferior  forms  from  which  they  must  have  proceeded.  Even  in  this 
search,  he  found  it  impossible  to  establish  exact  homologies,  for  he  limited 
himself  to  strict  resemblances  in  form,  structure,  and  mode  of  life.  All 
agree  with  his  conclusions  concerning  the  original  starting  point;  that  we 
are  led  by  a  very  short  step  to  tlie  naked  AmcdlHB  of  the  animal  kingdouL 
The  AmoslxB  are  organisms  having  the  amoeboid  movements  of  the  swarm- 
cells  of  the  Mycetozoa,  which  multiply  similarly  by  successive  dlvisloiv  but 
which  do  not  form  Plasmodia  or  aggregations  in  any  way.  Indeed,  in 
Sappinia,  which  Dangenrd  places  among  the  A crasicw,  the  AuKxha  do  ttg- 
gregate  at  the  ends  of  straws.  Oattulina,  one  of  the  Acraaieof,  is  really  a 
naked  Amceba,  differing  only  in  the  aggregation  of  its  microcysts  into 
heaps,  or  sori. 

Btitschli  has  pointed  out  the  probability  of  the  starting  point  of  the 
naked  amoebae  being  groups  of  very  simple  organisms  known  as  the 
FlagcUatw;  and  since  the  swarm-ceHs  of  the  Mycetozoa  are  furnished  with 
cilia  and  have  all  the  characters  of  the  simpler  FlagellaUt,  DeBary  goes 
back  to  these  forms  as-  the  converging  point  of  the  plant  and  animal 
kingdoms. 

Lister  has  established  beyond  a  doubt  the  fact  that  certain  of  the 
Mycetozoa  have  the  power  of  digesting  solid  food.  In  his  experiments  on 
the  Plasmodium  of  Badhamta,  he  proved  that  it  had  a  remarkable  power 
of  discriminating  between  different  foods.  He  suggests  also  that  another 
spc^cs,  Clitmdrioderma  diffonnc,  probably  uses  bacteria  as  Its  principal 
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food.  He  hafi  repeatedly  seen  tliem  caught  by  the  pseudopodia  of  the 
swarm-cells,  ingested  in  the  vacuoles,  and  gradually  dissolved. 

Yet,  notwithstanding  the  fact  that  there  are  some  exceptions  to  the 
rule,  DeBary  definitely  states  that  "the  food  is  taken  in  during  the  swarm- 
cell  condition  only  in  the  fluid  state  or  state  of  solution,  and  this  is  also 
the  case,  at  least  in  most  instances,  with  the  Plasmodia." 

It  is  quite  evident,  as  Massee  has  shown,  tliat  DeBary  deduced  all  his 
reai^ons  against  the  vegetable  nature  of  these  organisms  from  the  vege- 
tative stage.  In  his  monograph  on  the  group,  Massee  combats  step  by  step 
the  position  taken  by  DeBary.  He  gives  the  following  arguments  in 
support  of  his  views:  (1)  The  frequent  presence  of  cellulose  in  the  cell 
walls  of  spores  and  sporangia;  (2)  the  frequent  separation  from  the  pro- 
toplasm, during  the  period  of  spore  formation,  of  a  substance  homologous 
with  the  substance  separated  during  the  same  period  in  the  Aacompcetes, 
etc.  This  forms  the  capillitium.  (3)  The  frequent  separation  of  lime  from 
the  protoplasm  at  the  commencement  of  the  reproductive  stage.  (4)  Agree- 
ment with  many  fungi  in  contrivance  for  spore  dissemination.  (5)  The 
production  by  free  cell  formation  of  spores  protected  in  the  early  stage 
by  a  wall  of  cellulose,  which  eventually  becomes  differentiated,  and,  as 
stated  by  DeBary,  ''behaves  toward  reagents  in  a  similar  manner  to 
cuycularized  plant  cell-membranes  and  to  spore-membranes  in  the  fungi.*' 
(6)  The  analogy  with  undoubted  members  of  the  vegetable  kingdom,  as 
Hydradictyon,  where  the  naked  motile  swarm-cells  coalesce  to  form  a  net. 

Massee  claims  that  the  observations  upon  the  vegetative  stage  alone 
furnish  no  more  convincing  proof  that  the  phenomena  peculiar  to  It  are 
incompatible  with  a  condition  of  vegetable  organisms  than  are  the  amoe- 
boid forine  In  such  algse  as  the  Volvocinew, 

The  presence  of  cellulose  in  the  stalk  cells  and  spore  walls  of  the 
DictyosteUac€<e  may  be  adduced  as  an  argument  for  the  plant  afllnities  of 
the  higher  Acrasiew. 

Thaxter  suggests  another  possible  line  of  genetic  connection  of  the 
Mycetozoa  with  plants,  through  the  Myxobacteriacem,  He  places  the  Myxo- 
bacttriaceiv  in  the  Bacteria,  or  Schizomycctes,  on  account  of  the  homologies 
in  the  reproducftion  which  they  present.  In  one  stage  they  are  a  mass  of 
rods,  having  a  slow  progressive  motion  and  reproducing  rapidly  by  fis- 
sion. They  are  distinguished,  however,  from  other  bacteria  by  having 
two  definitely  recurring  periods  in  their  life  cycle— "one  of  vegetation,  the 
other  of  fructification  or  p.seudofructitication  through  the  simultaneous  and 
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concerted  action  of  numerous  individuals.**  During  the  nutritive  stage, 
the  rods  lie  separate.  Through  some  contagious  impulse  they  concentra;te' 
toward  central  points,  piling  up  on  one  another,  and  gradually  change  into* 
spores. 

As  is  cautiously  suggested,  "the  resemblance  (to  the  Acrasieas)  might 
be  purely  accidental."  yet  the  general  character  of  the  corresponding  per- 
iods is  practically  identical,  except  for  cell  differences  of  the  organisms 
concerned. 

If  we  assume  that  the  pseudoplasmodium  of  the  Myxobacteriaeew  Indi- 
cates a  genetic  connection  with  that  of  the  Acrasicw,  then  the  Mycetozoa 
have  affinities  with  higher  plants  through  the  Bacteria^  which  are  evi- 
dently derived  forms  of  the  fission-algse.  At  any  rate,  as  suggeated  by 
Tliaxter,  *'cautIou  is  necessary  in  accepting  the  views  of  those  who  would 
unceremoniously  relegate  the  Mycetozoa  to  the  domain  of  pure  zo51ogy.'* 


Morphological  Characters  of  the  Scales  of  Cuscuta. 

By  Alida  M.  Cunningham. 

The  work  undertaken  and  the  line  of  thought  pursued  throughout  has 
been  that  of  making  a  revision  of  the  family  Cuscuta^iew  of  North  America. 
This  work  was  commenced  at  the  beginning  of  the  present  university  year 
and  has  been  pursued  since  that  time  with  the  assistance  of  Dr.  Stanley 
Coulter  of  Purdue  University.  The  only  complete  work  on  this  family 
which  has  been  given  to  the  public  is  that  of  Dr.  Engelmann,  published  in 
1850.  Since  that  time  a  few  new  species  have  been  added  to  those  named 
in  his  work,  and  some  of  these  have  been  classified  by  Dr.  Engelmann 
himself.  Like  all  works  of  any  magnitude,  the  original  is  imperfect  and 
incomplete. 

This  family  is  one  presenting  much  difficulty,  because  there  are  so  few 
characters  which  can  be  used  in  determination  and  many  of  the  flowers 
are  so  minute  as  to  necessitate  the  constant  use  of  the  microscope  in  ex- 
amination. For  thi.s  reason  much  classification  has  been  done  in  the  past 
by  mere  rnmpaiisoii  of  tlie  unnamed  specimens  with  the  named  ones. 
AfttT  a  study  of  those  plants  we  an;  (*onvlnced  that  such  a  classiflcatlon 
is  niisl(*:idlng  :iii<l  cxtreniely  lnnc<*n?'ato.  Again,  the  plants  have  such  a 
range  of  variation,  yet  merge  into  each  other  so  closely  in  sop?e  of  thdv 
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parts  that  it  i«  bnly  by  the  utmost  care  and  closest  scrutiny  that  they  may 
be  determined,  and  a  dissection  of  the  flower  is  invariably  necessary.  Many 
of  the  species  have  also  a  great  similarity  in  habit  of  growth  and  the  ar- 
rangement of  the  inflorescence,  which  is  confusing  and  liable  to  mislead 
t>ne  who  attempts  a  mere  comparison. 

The  sketch  here  presented  does  not  cover  tlie  subject  originally  under- 
taken, but  is  merely  one  of  the  many  inten^sting  features  in  this  family 
of  plants.  This  study  of  the  scales  of  Cuscuta  was  suggested  in  the  course 
of  the  study  by  reason  of  the  fact  that  the  observations  made  thus  far  do 
not.  in  many  respects,  coincide  with  the  statements  made  by  Dr.  Engel- 
mann  in  his  work.  He  describes  the  scales  as  being  epistamineal  and  that 
they  are  evidently  lateral  dilatations  of  the  lower  part  of  the  fllaments, 
or  a  sort  of  stamineal  crown  attached  at  the  base  of  the  corolla,  but  not  a 
duplication  of  the  corolla. 

In  the  study  of  this  subject  we  have  made  constant  use  of  the  micro- 
scope, making  sections  of  flowers  in  various  directions,  and  are  forced  to 
conclusions  quite  different  from  those  of  Dr.  Engelmann.  In  the  course 
of  the  work  it  was  noticed  that  in  some  species  the  fllament  of  the  stamen 
extends  under  the  apex  of  the  scale,  in  others  the  base  of  the  fllament  is 
above  the  apex  of  the  scale,  and  in  still  others  the  fllament  can  be  traced 
nearly  to  the  base  of  the  corolla,  while  the  scale  forms  two  lateral  wings, 
one  on  each  side  of  the  fllament.  For  this  work  specimens  from  each  of 
the  three  groups  were  examined.  Longitudinal  sections  were  made 
through  the  corolla,  with  its  attached  stamen  and  scale,  and  a  careful 
study  showed  that  the  scales  have  their  origin  from  the  corolla.  The 
stamens  also  originate  from  the  corolla,  but  at  a  different  level  from  the 
scale,  so  that  they  cannot  possibly  be  attached  to  each  other.  However, 
in  the  third  section  a  few  species  showed  some  connection  between  the 
scale  and  the  fllament;  but  while  there  may  have  been  a  slight  attachment 
of  these  parts  in  individual  specimens,  yet  the  examination  of  other  sec- 
tions fully  demonstrated  the  fact  that  tlie  origin  of  the  scale  is  unques- 
tionably from  the  corolla,  and  the  base  of  the  stamen  is  sliglitly  above 
that  of  the  scale. 

The  results  of  these  examinations,  so  far  as  made,  conflrm  us  in  the 
belief  that  the  scales  are  not  epistamineal,  and  do  not  form  a  stamineal 
crown,  but  are  petaloid  in  their  origin  and  are  in  the  nature  of  a  duplica- 
tion of  the  petals. 
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Geookaphigal  DidTRitirTto^  oi*'  T^is  Species  of  CtJSCtJTA  iK  Korth  AMebicA. 

By  Alida  M.  Cunninoham. 

In  the  Year  Book  of  the  Agricultural  Department,  published  in  1894,  C. 
Hart  Merriam,  (Jhief  of  the  Division  of  Ornithology  and  Mammalogy,  gives  a 
revision  of  the  work  theretofore  done  in  an  endeavor  to  divide  the  country  into 
distinct  zones  according  to  the  plant  and  animal  life  found  therein.  And,  sinre 
the  distribution  of  all  life  depends  so  completely  upon  rainfall  and  temperature, 
these  have  been  made  the  principal  guides  in  locating  the  lines  separating  these 
zones,  taking  into  consideration  both  latitude  and  elevation.  He  has  divided 
North  America  into  five  Eones  as  follows:  Boreal,  Transition,  Upper  Austral^ 
Lower  Austral,  and  Tropical. 

In  the  course  of  the  study  for  the  purpose  of  making  a  revision  of  the  genos 
Cuscuta  it  was  found  of  interest  to  note  the  geographical  distribution  of  the  genos 
in  accordance  with  the  plan  adopted  by  Mr.  Merriam.  80  far  as  the  work  has 
progressed,  the  material  examined  has  been  that  contained  in  the  herbaria  of 
Harvard  University,  the  botanical  gardens  of  St.  Louis,  Missouri,  and  Purdue 
University,  in  all  about  450  specimens.  Among  them,  according  to  the  nomen- 
clature heretofore  adopted  and  still  in  use,  we  find  thirty-two  species  and  seventeen 
varieties,  which  are  distributed  throughout  the  five  Eones  in  the  manner  given 
below.  But  there  is  found  here  the  same  difficulty  that  has  confronted  us  on 
diflerent  occasions  before,  i.  e.,  that  the  forms  are  so  badly  confused  at  present  that 
any  arrangement  which  might  be  made  now  is  almost  sure  to  need  revision  after 
a  critical  study  of  the  genus.  According  to  the  present  nomenclature,  the  distri- 
bution  is  as  follows : 

PotonnGf  Palmerif  Americanay  corymbo&Oj  tinetoriaf  Jalapenaisy  mUnefwmis^  fori" 
hunda  and  gracUlima  are  confined  to  the  tropical  sone  and  constitute  the  greats 
number  found  in  any  one  zone. 

The  next  greatest  number  found  in  only  one  zone  is  in  the  Transition.  They 
are  Epithymumy  derUietUatOy  rostrcUa  and  epUinum. 

CcUifomiea  and  subincluta  are  found  in  the  Tropical  and  Transition. 

Leptantha  and  ehlorocarpa  in  the  Upper  Austral  and  Transition. 

Applanata  and  infiexa  in  the  Upper  Austral. 

CuspidatOj  eompacta,  decora,  Oronttvii  and  arverma  are  distributed  over  the 
Upper  Austral,  Lower  Austral  and  Transition. 

Squamata  and  odontolepsU  in  the  Tropical  and  Upper  Austral. 

Tenuiflora  is  found  in  three  zones,  i.  e.,  the  Transition,  Upper  Aoatral  and 
Boreal. 


Olameraia  in  the  Upper  and  Lower  Austral. 

UmbeUata  in  the  Tropical,  Upper  and  Lower  Austral. 

Obtusifora  in  the  Tropical,  Transition  and  Upper  Austral. 

Salifia  in  the  Transition  and  Boreal. 

ExaUata  is  found  onlj  in  the  Lower  Austral. 

The  above  facts  may  be  presented  in  tabular  view  as  follows : 
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. 

_  . 

^ 

Boreal. 

Tramition. 

Vpper  Austral. 

Lower  Anstral. 

Tropical. 

Salina. 

Salina. 

Tenuiflora. 

Tenniflora. 

Californioa. 
SubinolnM. 

Tenuiflnra. 
Glotnerata. 

Glomerata. 

Californioa. 
Snbinelnsa. 

• 

UmbellaU. 

Umbellata. 

UmbellaU. 

Obtn^iflora. 

Obtuiiflora. 

Obtnsiflora. 

Epithymnm. 

Bpilinnm. 

Dentionlata. 

RostraU. 

Sanamata. 
Oaontolepis. 

Sonamata. 
Odontolepis. 

Eialtata. 

Infleza. 

Applana'a. 

Cnspidata. 

Cnspidata. 

Cnspidata. 

Compacts. 

Com  pacta. 

Compaota. 

Decora 

Decora. 

Decora. 

Oronovii. 

Oronovii. 

Gronovii. 

Arveniis. 

Arvensis. 

Arvensis. 

Potosina. 

Palmeri. 

Americana. 

Corymbosa. 

'linotoria. 

Jalapensis. 

Mitrieformis 

Floribunda. 

Oracillima. 

Chlorocarpa. 

Chlorocarpa. 

■ 

Leptantha. 

Leptantha. 



NOTZS  ON  THE  GERMINATION  AND  SeEDLINOS  OF  CERTAIN   NATIVE  PLANTS. 

Bt  Stanley  Coulter. 

In  the  study  of  the  phanerogamic  flora  of  the  State,  some  problems 
respecting  the  distribution  or  rather  the  non-distribution  of  certain  species 
seemed  to  require  for  their  solution  somewhat  extended  germinattion  ex- 
periments. These  experiments  have  been  in  progress  for  three  years,  un- 
der conditions  to  be  indicated  later. 
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Incidentally  the  seedlings  were  carefully  studied,  more  especially  as 
to  their  resistance  to  temperature  and  moisture  changes,  in  a  less  degree 
as  to  the  form  and  arrangement  of  their  earlier  foliage  leaves,  since  these, 
perhaps,  in  many  cases  may  be  regarded  as  representing  inherited  forms, 
while  the  later  leaves  stand  for  adaptive  responses  to  light  intensity  and 
other  ecologic  factors.  The  results  of  the  observations  upon  this  point 
have  not  been  sufficiently  considered  to  warrant  their  presentation  at  this 
time,  except  in  a  few  instances  which  indiesUe  that  many  suggestions  as 
to  relationships  would  probably  be  one  of  the  results  of  such  a  study. 

It  will  be  recalled,  when  we  consider  our  native  plants,  that  the  in- 
crease In  numbers  and  the  consequent  amount  of  territory  occupied  by 
any  specific  form  bears  no  direct  relation  to  the  number  of  seeds  it  may 
produce.  Indeed,  the  production  by  a  given  plant  of  a  vast  number  of 
seeds,  with  adaptations  for  a  wide  dispersal,  should,  perhaps,  be  taken 
as  an  index  of  the  intensity  of  its  struggle  for  existence,  and  stand  as  a 
sure  sign  that,  save  through  some  change  in  ecological  factors,  the  form 
will  do  little  more  than  maintain  itself  in  nature. 

This  view,  which  it  will  be  remembered  was  advanced  by  Weismann, 
is  being  confirmed  by  observations  upon  plants.  The  setting  of  a  large 
number  of  seeds  stands  not  as  the  sign  of  a  rapid  increase  In  numbers 
of  the  form,  but  rather  the  reverse.  An  example  or  two  may  emphasize 
the  statement. 

The  common  nightshade  (Solanum  nigrum)  is  a  plant  with  which  all 
are  familiar.  Where  it  obtains  a  foothold  it  usually  holds  its  own,  but 
rarely  becomes  dominant  or  so  increases  in  number  from  year  to  year  as 
to  attract  attention.  From  one  of  these  plants  which  bore  forty-three 
berries  and  was  still  flowering,  I  took  three  berries  and  planted  them  after 
having  broken  the  outer  walls.  One  hundred  forty-two  seedlings  appeared. 
Surprised  at  the  result  I  planted  three  other  seedlings  similarly  treated, 
being  especially  careful  to  eliminate  error.  In  this  case  one  hufidred  eighty- 
seven  seedlings  appeared.  This  would  indicate  that  each  berry  contained 
on  an  average  at  least  fifty  viable  seeds,  and  as  there  were  over  forty 
berries,  the  potential  product  from  that  single  plant  was  over  two  thou- 
sand plants. 

From  the  ordinary  Scrophularia,  germination  percentages  ran  from 
fifty-six  to  seventy  in  the  favorable  conditions  of  the  laboratory,  indicat- 
ing an  almost  incredible  possible  increase  from  a  single  plant    Yet  every 
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botanist  knows  that  this  plant  makes  no  visible  increase  in  numbers  from 
year  to  year.  The  great  number  of  capsules  filled  with  seeds  is  but  the 
sign  of  its  intense  struggle. 

In  many  cases  the  causes  which  hold  in  check  the  undue  increase  of 
a  specific  form  are  evident  The  law  requiring  that  stock  should  be  kept 
within  bounds,  modified  in  very  marked  degree  the  flora  of  the  State,  and 
in  certain  regions  has  served  to  cover  stripped  hills  with  a  new  timber 
growth.  But  there  are  cases  In  which  the  number  of  seeds  produced  Is 
so  enormous,  the  means  of  dispersal  so  various  and  ingenious,  and  the  dis- 
persal Itself  so  sure,  that  we  wonder  that  the  increase  is  no  more  rapid. 
In  this  category  we  find  notably  the  composites.  Considering  their  myr- 
iads of  seeds  and  their  perfect  means  of  seed  dispersal,  their  increase  In 
numbers  Is  Insignificant.  Indeed,  in  many  cases  special  protective  devices 
have  been  developed  in  order  that  they  may  maintain  their  place  in  nature. 

It  Is  evident  that  factors  other  than  those  ordinarily  limiting  plant 
distribution  are  operative  In  limiting  the  distribution  of  the  composites, 
or  that  the  composites  are  peculiarly  sensitive  to  conditions  which  do  not 
materially  affect  the  majority  of  plants.  The  theory  of  special  limiting 
factors  seemed  scarcely  worthy  of  consideration.  It  was  therefore  pre- 
sumed that  some,  at  least  of  the  ordinary  factors  wei*e  more  effective  than 
In  other  cases,  and  that  In  all  probability  there  was  a  peculiar  sensitive- 
ness to  these  changes  at  some  particular  stage  of  development.  The  ex- 
periments were  undertaken  with  the  hope  of  throwing  some  light  upon 
these  points.  The  conditions  of  the  experiments  have  been  varied  from 
time  to  time  as  experience  suggested,  and  to  such  an  extent  as  to  preclude 
tabulation  In  the  limits  of  this  paper.  Conditions  may  be  summarized  as 
follows:  Two  kinds  of  soil  were  used— a  loam  mixed  with  sand  and  a 
leaf-mold.  In  both  cases  the  soli  was  carefully  sifted  and  packed  In  the 
pots  In  order  to  prevent  subsequent  settling.  As  regards  moisture,  three 
conditions  were  used— satura  ted,  moderately  moist  and  extremely  dry. 
The  percentage  of  water  in  the  soil  was  not  carefully  worked  out,  but 
was  roughly  estimated  to  range  from  25  per  cent.  In  one  extreme  to 
between  80  and  90  per  cent  In  the  other.  Planting  was  either  surface  or 
at  about  the  depth  of  the  seed.  The  average  temperature  In  the  first 
series  of  experiments  was  20.5°  C,  with  extremes  of  20**  C.  and  31**  C.  In 
the  second  and  third  series  the  average  temperature  was  24**  C.  As  far 
as  could  be  deter mlnetl  by  Inspection  only  perfect  seeds  weix*  used.  As  a 
matter  of  course,  control  experiments  served  as  checks  upon  results. 
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From  the  results  of  the  experiments  the  following  concluskms  seem 
deduclble. 

First. — The  gemiinaHon  pereetUoffe  in  the  camponUB  t«  Um  oc  eompartd  wiik  tkU 
of  the  other  famifiea  examined. 

This  statement  has  its  apparent  exceptions  in  Arctium  Lappa  and 
Cnhus  l<inc€olatv8t  which  show  high  percentages.  That  these  are  excep- 
tional, however,  will  be  shown  later.  From  the  experimental  cards  the 
following  table  Is  drawn:* 

Per  eenL 
Arctium   Lappa 93.3 

Gnlcus  lanceolatus 89.3 

Bidens  bipinnata 37.5 

Bidens   frondosa 30.0 

Lactuca  Canadensis 37.5 

Lactuca  Scariola 25.0 

Solidago    CanadensiK 12.6 

Anthemis  cotula 12.5 

Gnicus   muticus 10.0 

Aster  Shortii  (one  year) 

Ambrosia  (one  year) 

Vernonia  f asiculata  (one  yoar) 

Germination  percentages  shown  by  forms  in  other  families  are  as 
follows: 

Solanuni  nigrum,  187  seedlings  from  three  berries. 

Percent. 

Datura  Tatula 100.0 

Abiitilon  Avicennae 89.0 

Scrophularia  nodosa 70.0 

Plantago   Rugellli 62.5 

Rumex  Acetosella 56.7 

Malva  rotundifolia 45.0 

Capsella    Bursa-pastorls 45.0 

XepetA   Cataria 

Cheuopodlum    album 


*  Tbesie  ar«  taken  from  over  200  experimental  oardii  and  are  fairly  typical  of  the  atriff. 
£zi>eriiii>  ntt  with  ordinary  cerminating  apparatus  confirmed  theie  retnlta. 
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These  percentages  are  not  exceptional,  having  been  repea/tedly  ob- 
tained. I  have  not  been  able  to  secure  germination  in  Chenopodium,  a  fact 
possibly  due  to  the  late  collection  of  the  material. 

SiccoND. — In  mofd  eases  the  achenes  show  the  highest  germinating  percentage  if  eol- 
lected  at  about  the  midd'e  of  the  flowering  season. 

If,  for  example,  the  flowering  period  is  froni  July  to  October,  achenes 
collected  in  the  latter  part  of  August  or  first  of  September  will  give  a 
higher  germinating  per  cent  than  tliose  collected  at  any  other  season. 
This  is  true  in  all  forms  studied,  with  the  exception  of  Arctium,  The 
non-vlabllity  of  the  later  achenes  may  be  explained  as  due  to  the  action 
of  frost  That  of  the  earlier  achenes  is  not  so  readily  explained.  In  Arctium 
the  achenes  show  a  ready  viability  at  all  seasons.  In  the  case  of  Bidens  it 
Is  possible  that  the  later  achenes  might  show  a  fair  percentage  of  viability, 
as  no  late  collections  of  this  genus  were  made.  The  difference  in  viability 
at  different  floral  periods  does  not  seem  to  exist  in  the  other  families 
studied.  On  the  contrary.  In  the  case  of  Abutilon  and  Solanum,  the  high- 
est percentages  were  obtained  from  the  seeds  collected  very  early  in  the 
season. 

Third. — For  the  most  part  the  central  achenes  of  the  head  are  not  viable^  and  the 
same  condition  is  frequently  found  in  the  outer  rows. 

In  all  cases  the  largest  germination  percentage  was  obtained  from 
achenes  taken  about  midway  between  the  center  and  periphery  of  the  head. 
An  exception  to  this  statement  is  perhaps  found  in  Helianthus,  in  which, 
in  a  single  experiment,  the  central  achenes  were  found  to  show  a  high 
germination  percentage.  A  consideration  of  the  order  of  maturing  of  the 
flowers  in  the  composite  head  taken  In  connection  with  the  mode  of  pol- 
lination   turnlshes  the  probable  explanation  of  this  fact 

FoUBTH. — The  seedlings  of  all  composite  forms  studied^  were  found  to  he  partitu- 
larly  sensitive  to  both  temperature  and  moisture  changes. 

Very  slight  changes  in  either  of  these  conditions,  especially  if  sudden, 
proved  fatal  almost  without  exception.  An  increase  in  temperature  of 
5"  O.,  brought  about  in  thirty  minutes  and  continued  for  three  hours, 
killed  all  the  seedlings  of  Bidens,  Cnicus,  Lactuca,  Solidago  and  Anthemis, 
the  only  composite  »ee<llings  escaping  being  those  of  Arctium.  In  the 
case  of  the  other  forms,  Scrophularia  alone  succumbed,  Abutilon,  Malva, 
Solanum.  Datura  and  Capsella  not  being  visibly  affected  nor  apparently 
retarded  In  tli<»lr  gi*«)wth. 
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A  similar  temperature  change,  brought  on  gradually  (three  hours)  and 
continued  for  three  hours,  only  produced  about  a  40  per  cent  fatality 
among  the  composites. 

Changes  in  moisture,  either  in  the  soil  or  in  the  air,  found  a  ready 
response  in  the  behavior  of  the  composite  seedlings.  A  diminution  of 
moisture,  which  would  not  even  produce  wilting  in  the  seedlings  of  other 
families,  would  not  infrequently  prove  fatal  to  those  of  the  composites. 
The  effect  of  moisture  increase  was  not  so  readily  seen,  although  there 
exists  xmder  such  conditions  a  tendency  on  the  part  of  the  stem  of  the 
seedling  to  rot  near  the  ground,  a  tendency  apparently  shared  by  Abutllon, 
and  which  seems  about  the  only  check  put  upon  the  increase  of  this 
latter  form. 

As  might  be  expected  direct  sunlight  works  against  the  seedlings  of 
composites,  as,  indeed,  against  all  others,  but  with  a  peculiarly  fatal  effect 
in  these  sensitive  forms.  It  has  been  found  necessary  in  all  cases  to  pro- 
tect them  from  the  direct  sunlight  for  several  days,  usually  until  after  the 
development  of  the  first  foliage  leaves.  Such  extreme  sensitiveness  was 
rare,  if  at  all  present  in  the  other  families  studied. 

Fifth.—  Cotyledon  leaves  of  nearly  related  forma  closely  resemUe  each  oiher,  a 
resemblance  often  carried  on  in  the  curlier  true  leaves. 

The  cotyledon  leaves  of  Arctium,  Gnicus  lanceola/tus  and  Cnicus  mu- 
ticus  are  almost  exactly  alike.  The  only  dissimilarity  observable  being 
that  in  Arctium  the  green  Is  a  trifle  darker  than  in  Gnicus.  The  re- 
semblance is  so  exact  that  I  discarded  the  first  germination  experiments 
with  Gnicus,  supposing  that  through  inadvertence  Arctium  achenes  had 
been  planted.  With  the  appearance  of  the  first  true  leaves  Arctium  la 
plainly  marked  off  from  Gnicus,  but  the  two  species  of  Gnicus  are  not  to 
be  separated  until  the  appearance  of  at  least  the  third  foliage  leaf.  By 
this  statement  I  mean  tliat  I  think  that  at  this  point  I  can  detect  the  be- 
ginnings of  the  leaf  characters  of  the  forms.  The  same  conditions  are 
found  in  the  Lactucas.  Scariola  cannot  be  separated  from  Canadensis 
in  any  of  the  seedling  stages  so  far  as  my  observations  go,  indeed,  though 
I  carried  the  seedlings  through  the  development  of  the  seventh  foliage 
leaf  I  found  no  marked  indication  of  specific  foliar  differences.  I  think, 
without  multiplying  instances,  that  in  very  many  cases  supposed  rela- 
tionships betwt'cu  tlie  species  of  a  large  genus,  and  certainly  between 
many  genera,  might  find  corroborative  evidence  in  a  study  of  the  early 
fojiage  of  the  seedlings. 
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Sixth.— /n  moni  cases  the  hiyhest  germination  pereeniagei^  in  eomposiles  are  obtaini'tl 
from  surface  planting  in  leaf  mold. 

Arctium  is  the  exception  to  this  statement  also.  By  surface  sowing 
upon  leaf  mold,  under  the  three  conditions  of  moisture,  Arctium  gave  an 
average  germination  percentage  of  22.2  per  cent.  In  sandy  loam,  where 
the  achenes  were  covered  by  sifting  earth  over  thorn,  the  percentjige  rose 
to  93.3  per  cent.  In  all  other  cases,  however,  the  leaf  mold  gave  much  the 
larger  per  cent  This  was  especially  marked  in  the  case  of  Gnicus  lanceo- 
latus,  in  which  In  sandy  loam  the  percentage  was  12.5,  while  in  leaf  mold 
the  average  percentage  w^as  89,  rising  in  one  case  to  100  per  cent  The 
experiments  indicate  strongly  that  successful  germination  in  composites 
is  more  closely  dependent  upon  the  character  of  the  soil  than  is  the  case 
in  the  majority  of  our  native  plants.  In  other  words,  tueir  soil  range  is 
so  narrow  that  a  slight  modification  in  its  character  may  practically  pre- 
vent germination  of  the  achenes  and  thus  very  effectually  limit  distri- 
bution. 

Seventh. — The  tenter  content  of  the  soil  does  not  (so  far  as  is  indicated  by  these 
experiments))  affect  the  germination  percentage  to  the  tUgree  that  might  have,  been  ex- 
pected. 

While  differences  in  the  water  content  of  the  soil  affects  the  seedlings 
in  a  marked  way,  germination  is  unaffected  under  a  wide  range  in  water 
content  of  the  soil.  In  extreme  cases,  some  forms  show  marked  varia- 
tions. Arctium,  for  example,  which  gives  a  germination  percentage  of 
93.3  under  ordinary  soil  moisture  conditions,  falls  to  3.3  per  cent,  in  the 
case  of  extreme  dryness.  Cnicus  lanceolatus,  on  the  contrary,  rises  to  100 
per  cent  in  extremely  dry  soil.  In  the  forms  studied  the  highest  per- 
centage of  germination  is  found  under  moderately  moist  conditions,  and 
the  lowest  under  extremely  dry  conditions,  save  in  the  case  of  Cnicus 
lanceola/tus,  where  the  reverse  seems  to  be  true.  Extreme  soil  moisture  in 
many  cases  leads  to  the  moulding  of  the  achenes. 

A  careful  dissection  of  material  used  in  these  experiments  showed 
that  there  was  nothing  in  the  character  of  the  achenes  themselves  to 
which  this  low  germination  percentage  could  be  attributed.  The  material 
was  collected  with  care  expressly  for  these  experiments,  and  dissection 
demonstrated  well  formed  embryos  in  more  than  80  per  cent  of  the 
achenes  examined.'   I  am,  therefore,  led  to  believe  the  low  germination 


'  The  sob«ne8  thus  examined  were  taken  fVom  the  portion  of  the  head  indicated  in  oon- 
clnsion  three,  tuprfi. 
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percentages  to  be  due  to  changes  In  external  conditions,  to  which,  per- 
haps, the  forms  are  peculiarly  responsive.  The  ease  and  certainty  with 
which  high  germination  percentages  were  secured  in  oither  families  cer- 
tainly lends  support  to  the  view. 

The  experiments  are  still  in  progress,  as  tliere  are  still  many  points  to 
be  worl^ed  out  in  detail.  Among  them  are  the  effects  of  varying  soil  tem- 
peratures, of  a  wider  range  of  soils,  of  progressive  experiments  for  the 
determination  of  resting  periods  in  the  various  forms,  of  duration  of  via- 
bility, of  the  effect  of  freezing,  and  others  st^lf -suggestive  to  the  experi- 
mentalist. Until  these  are  worl^ed  out  in  detail  the  question  as  to  the 
causes  of  the  relatively  small  distribution  of  any  given  composite  form 
must  remain  open.  So  far  as  *tlie  experiments  go  they  point  to  this  limita- 
tion being  due  in  a  very  large  degree: 

1.  To  a  low  germination  percentage,  largely  due  to  an  extreme  sensi- 
tiveness on  the  part  of  the  embryo  to  external  conditions,  to  which  should 
perhaps  be  added  imperfect  pollination,  due  to  causes  already  given. 

2.  To  an  extreme  sensitiveness  of  tlie  seedlings  to  temperature  and 
moisture  changes,  either  in  soil  or  atmosphere.  This  necessarily  brings 
about  a  peculiar  sensitiveness  to  direct  sunlight. 

When  the  habits  of  most  of  our  native  composites  are  considered  it 
will  be  seen  that  this  extreme  sensitiveness  in  both  achene  and  seedling 
proves  an  effectual  limitation  to  their  distribution.  Other  factors  than 
these  here  emphasized  enter,  but  none  are  of  such  general  application. 


Formalin  as  a  Reac.knt  in  Blood  Studies.     By  Ernest  I.-  Kizeb. 

Among  the  most  common  reagents  used  in  the  demonstration  of  blood 
corpuscle  structure,  are  found  osmic  acid,  salt  solutions,  picric  acid  and 
acetic  acid.  But  all  of  these  cause  distortions  of  the  corpuscles,  so  they 
are  imperfect  fixing  agents  and  preservatives.  The  method  of  drying 
blood  on  the  coverslips  is  seldom  successful  in  the  hands  of  beginners. 

« 

Formalin  has  been  found  very  useful  in  this  connection,  both  as  a 
fixing  agent  and  as  a  preservative,  because  it  produces  no  appreciable  dis- 
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tortion  of  coi^puscles,  does  not  Interfere  with  staining,  is  easily  operated 
and  preserves  blood  perfectly,  at  least,  for  several  months. 
The  method  consists  of  the  following  steps: 

1.  Mix  one  volume  of  perfectly  fresh  blood  vrith  three  volumes  of  a 
two  per  cent  solution  of  formalin. 

2.  Allow  the  mixture  to  stand  at  least  an  hour;  then  draw  a  small 
quantity  from  the  bottom  of  the  vessel  with  a  pipette,  by  which  a  drop 
is  transferred  to  a  clean  coverslip;  spread  evenly  over  the  coverslip  and 
allow  the  liquid  to  evaporate.  The  method  of  pressing  the  coversllps  to- 
gether, as  in  sputum  analysis,  is  to  be  preferred. 

3.  Pass  the  coversllps  through  the  flame,  films  uppermost,  in  order  to 
cement  the  corpuscles  to  the  glass. 

4.  Dip  into  a  five  per  cent,  solution  of  acetic  acid  once  or  twice. 

5.  Remove  the  acid  with  water. 

6.  Stain.  Perhaps  the  best  stain  for  non-nucleated  corpuscles  is  €ren- 
tlan  violet  (a  two  per  cent  solution;  time  of  staining,  about  two  or  three 
minutes).  For  nucleated  forms,  contrast  stains,  as  Methyl  blue  and  Gen- 
tian violet,  or  Hsematoxylin  and  £k>sin,  or  Methyl  green  and  Saf raum,  give 
very  good  results.  Ehrlich*s  Triple  stain  may  be  used  for  human  cor- 
puscles. 

7.  Wash  out  excess  of  stain  with  water  or  alcohol  as  the  stain  re- 
quires. 

8.  Remove  alcohol  with  clove  oil  or  xylol,  and 

9.  Mount  in  Canada  Balsam. 

This  method  proved  very  successful  in  the  laboratory  of  Purdue  Uni- 
versity, and  was  used  in  studying  five  different  forms  of  corpuscles.  They 
were  those  of  the  cat,  the  ox,  the  pigeon,  the  chicken,  and  man.  The  hu- 
man corpuscles  were  the  only  ones  which  resisted  the  stains,  but  this 
difllculty  was  overcome  by  the  use  of  a  weak  solution  of  acetic  acid.  Be- 
sides making  the  stains  effective,  it  also  clears  the  films  considerably.  Al- 
though this  method  may  be  of  no  chemical  value  it  promises  to  be  success- 
ful for  general  laboratory  purposes. 
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8pBCI£8   OB'    DiPTEBA    REARED   IN    INDIANA    DURING    THE  YeARS    1884  TO  1890. 

By  F.  M.  Webster. 

The  following  species  of  Diptera  were  reared  by  me  while  located  id  Indiana, 
as  Special  Agent  of  the  U.  8.  Dept.  Agr.,  Div.  Ent.,  and  are  given  here  as  finally 
determined  by  Mr.  D.  W.  Coquillett  in  Bulletin  10,  N.  S.,  and  Bulletin  7,  Tech- 
nical Series,  both  of  the  Division  of  Entomology. 

FAMILY   TACHINIDA:. 

Eupkorocera  claripennis  Macqi,  reared  at  Lafayette  from  caterpillars  of  Datoha 
contracta  Walk.  On  one  of  these  larva'  were  21.3,  and  on  a  second  228  eggs  of 
these  flies. 

Frontina  frenchii  Will.,  reared  at  Lafayette,  from  caterpillars  of  IdUhyura 
indusa  Haeb.,  and  also  from  the  larvn>  of  Pyrameis  cardui  lAuu. 

FAMILY   BOMBY^LIIDJl. 

ArUhrar  hypomelas  Macq.  This  was  reared  in  numbers  from  the  larvse  of 
Agrolis  Aert/i«,  cutworms,  that  were  excessively  abundant  in  a  cornfield  near  La- 
fayette, in  1889.     See  Insect  Life,  Vol.  II,  pp.  363-4. 

FAMILY  OSCINID^. 

Meromyza  amerieana  Fitch.  This  occurs  throughout  the  entire  State,  the 
larvie  attacking  wheat  and  rye.  1  reared  it  from  material  secured  at  Oxford,  and 
also  from  New  Harmony. 

Chlorop8  ingrata  Will.  This  species  was  reared  from  gall-like  swellings  on 
tips  of  Muhlenhergia  inexicaiia.  The  galls  were  collected  at  Oxford,  in  August,  and 
the  adults  issued  the  following  May  and  early  June. 

Elachiptera  longuia  Loew.  This  was  reared  from  the  stems  of  Panieum  enu- 
galli,  within  which  the  larvae  feed,  at  Oxford,  in  1884,  and  also  from  fall  wheat 
at  Lafayette,  in  July,  1890,  and  also  from  oats,  in  1886. 

E.  nigricomis  Loew.  and  E.  coatata  Loew.  were  also  reared  with  the  above  in  the 
fall  wheat. 

E,  nigricepa  Loew.  was  reared  from  Panieum  erus-gaUi  at  Oxford,  in  Septem* 
ber,  1884. 

Oscinu  trigramma  Loew.  Reared  at  Lafayette  in  July,  from  volunteer  wheat 
plants.     0.  eoxendix  Fitch,  was  reared  also  with  the  above. 
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0.  Aoror  Macq.,  was  reared  at  Oxford,  from  Panicum  erua-tjaUif  in  October, 
IH84,  and  also  from  the  Htcms  of  Poa  pratensUj  at  Lafayette,  in  June,  1887. 

Oscinis  carbonaria  Ixiew.,  was  reared  from  young  wheat  plants  at  Oxford, 
September,  1884,  and  from  wheat  plants  at  Lafayette,  in  August,  1886,  and  again 
in  August,  1888,  and  in  July,  1890,  among  these  last  there  being  also  specimens 
of  0.  umbrosa  Loew. 

FAMILY    AQROMYZIDA2. 

Leucopis  nigrirornU  Kgger.  Reared  from  larva'  preying  upon  Siphonophora 
aventr,  at  Vincennes,  June  26,  1889,  the  adults  issuing  in  July,  1889.  This  is  an 
im{K)rted  species,  as  it  occurs  all  over  the  United  States,  and  has  been  reared  from 
Pemphigus  in  France. 

Ceratomyza  dormliH  Loew.  Reared  from  larva*  mining  in  the  leaves  of  timothy, 
at  Lafayette,  in  1888,  and  also  from  larvic  mining  in  the  leaf  sheaths  of  wheat. 

Agromyza  trneU'entris  Fall.  Reared  from  larvio  burrowing  in  the  stems  of 
white  clover,  Trifolium  rtpem.  See  Report  Commissioner  of  Agriculture,  U.  S., 
1886,  p.  582. 


Distribution  of  Broods  XXII,  V  and  VIII,  of  Cicada  septkndecim,  in 

Indiana.     By  F.  M.  Webster. 

It  was  my  good  fortune,  while  located  at  Lafayette,  Indiana,  during 
the  yenrs  1884-00,  as  a  special  agent  of  the  United  States  Department 
of  Agriculture,  Division  of  Entomology,  to  have  an  opportunity  of  study- 
ing the  distribution  of  these  three  broods  of  the  periodical  cicada. 

On  consulting  the  accompanying  map  and  explanation  thereto,  it  will 
be  observed  that  Brood  XXII,  1885,  covers  the  entire  State,  except  a 
small  urea  around  the  lower  extremity  of  Lake  Michigan.  This  strip  of 
country  is  much  narrower  at  the  Michigan  line  than  it  is  at  the  Illinois 
line,  including  as  it  does  only  the  extreme  northwest  corner  of  Laporte 
county,  the  dividing  line  between  this  ami  Hrood  V  lu'iiig,  lien»,  between 
the  village  of  Otis  and  the  city  of  Laporte.  crossing  the  line  of  Porter 
county  about  Wanatah.  and  passing  across  Lake  count>*.  in  the  vicinity 
of  Orchard  Grove. 

This  is  the  strongest  of  all  the  broods  in  Indiana  and  covers  by  far 
the  grt>atest  area.    Its  next  recurrence  will  be  in  1902. 

Brood  V  covers  only  the  area  over  which  Brood  XXII  did  not  occur  and 
does  not,  so  far  as  I  was  able  to  learn,  overlap  that  brood.    It  covers  a 

1')- Science. 
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small  portion  of  I^aporte  county  and  the  greater  portion  of  Porter  and 
Lake  counties,  and  will  reappear  next  in  1905. 

Brood  VIII  is  alnio«t  entirely  oonfine<l  to  the  southern  counties  and 
was  really  very  abundant  in  1889  only  in  Harrison  county.  I  have  indi- 
cated by  a  dot  on  the  map  the  localities  where  I  know  from  personal 
knowledge  the  Insect  occurred,  to  which  localities  Mr.  C.  L.  Marlatt,  in 
Bull.  14,  N.  S.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  has  added  others  which  I  have 
indicated  by  a  O.  The  occurrence  in  Tippecanoe  county  was  at  Lafayette, 
a  single  female  having  been  found  by  one  of  the  sons  of  Dr.  E.  Test  of 
Purdue  University.  This  is  the  weakest  in  point  of  numbers  of  the  three 
broods,  and  will  in  time  become  totally  extinct,  largely,  at  least,  owing 
to  the  attacks  of  the  English  Sparrow,  Pfnatcr  ilowrxticim.  It  will  next 
appear  in  1906. 


Some  Insects  Belonoino  to  the  Genus   Isosoma,  Reared  or  Captured,  in 

Indiana.    By  F.  M.  Webster. 

J«o8oma  grande  Riley.  This  was  reared  from  wheat  at  Oxford  and  Lafayette, 
and  was  the  first  proof  secured  of  the  presence  of  a  dimorphism,  and  alternation 
of  generations  in  Isosoma  trUieiy  as  it  was  then  known,  the  latter  being  now  known 
tLBmintUumj  the  wingless  spring  and  winter  generation;  and  the  former  as  the 
winged,  snmmer  generation,  the  one  having  been  bred  from  the  eggs  of  the  other 
by  myself. 

Ifwsoma  eaptivum  Howard.     Captured  from  Poa  pratentis  at  Lafayette.     Type. 

Isaaoma  mcunUatum  Howard.     Captured  with  the  preceding.     Type. 

Isoaoma  triiiei  Fitch.  Reared  at  Lafayette  and  elsewhere,  and  collected  on 
grass  at  Lafayette. 

EurytomocKaris  eragrogtoidis  Howard.  Reared  at  Lafayette  from  the  stems  of 
Eragrostis  poa^oides.     Type. 

For  descriptions  of  these  species,  as  well  as  illustrations  of  them,  see  Bulletin 
No.  2,  Technical  Series,  Division  of  Entomology,  U.  8.  Dept.  Agr.,  by  Dr.  L.  O. 
Howard.  

Lake  County  Crow  Roosts.     By  T.  H.  Ball. 

[Abstract.l 
The  main  roosting  places  in  these  later  years,  so  far  as  ascertained, 
are  two.    One  is  five  miles  south  of  Crown  Point,  In  a  pine  grove  covering 
an  area  of  about  four  acres  on  a  large  farm  well  out,  in  what  was  once 
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a  wide  ami  open  prairie.  Kor  several  years  the  crows  were  there  iu 
large  numbers,  but  some  three  years  ago  boys  shot  into  the  roost  and 
drove  them  away.  They  have  returned.  Mrs.  George  Sehmall  estimates 
the  number  roosting  there  at  one  thousand. 

This  grove  is  a  "wind  breaker,*'  the  trees,  Scotch  and  Austrian  pine, 
were  set  out  very  thick  many  years  ago.  It  makes  a  grand  shelter  in  the 
winter  time.  Many  of  tliese  crows  from  this  pine  grove  go  in  a  south- 
easterly direction  to  tind  food  in  the  Kankakee  marsh  region. 

The  second  crow  roost  of  the  county  is  nine  miles  northwest  of  Crown 
Point  on  botli  sides  of  the  "Panhandle"  i-ailroad,  In  groves  of  small  oak 
trees,  and  one  evergreen  grove.  I  visited  this  locality  Tuesday.  December 
27,  1898.  AlK)ut  one  mile  from  it  I  saw,  at  2  p.  m.,  two  or  three  hundred 
crows  feeding  in  a  corn  field.  Reaching  the  farm  house  I  learned  thai 
two  or  three  pairs  of  crows  selected  these  groves  in  1875.  The  number 
of  individuals  in  this  coh)ny  now  may  be  placwl  at  two  thousand.  Many 
of  them  pass  into  Illinois  to  get  food,  passing  in  a  southwesterly  direction 
over  Dyer,  on  the  State  line,  mornings,  sometimes  two  hundred  in  a  flock. 


The  Distrfbuti'^n  of  Blood  Sinuses  in  the  Reptilian  Head. 

Hv  H.  L.  Bruner. 

[Abstract.! 

The  principal  blood  sinuses  of  the  reptilian  head  are  the  following: 

1.  The  intra-cranial  sinuses,  which  were  first  described  by  Rathke* 
in  1839. 

2.  Tlie  nasal  sinus,  which  suiTounds  the  external  naris  and  the  nasal 
vt»stibulo;  it  was  observcKl  and  doscrll)ed  by  Leydlg^  in  1872. 

3.  Tlie  orl)ital  sinus,  which  lies  between  the  eyeball  and  its  orbit  This 
sinus  was  first  investigated  by  Weber*  in  1877. 

The  development  of  tlie  above-mentioned  sinuses  has  been  worked  out 
by  Oro.sser  and  Brezina*  in  the  snake  (Tropidonotus  natrlx). 


'  Rathkc  :  "  Entwickinn  .sfreer  hi  elite  der  Natter  (Coluber  natriz)."  Kffenifrsberff,  lfR9. 
-Leydiff :  "  Die  in  Deutfohlaiiil  lebenden  Arten  der  Sauri«r."    Tubingen.    1872. 
'Weber:   "  Nei)enorKune  dee  Auffe8  der  Reptilion."    Archiv  filr  NntnifreschichtQi  13 
Jahrg.,6and  I. 

*  (iroMer  und  Brezina  :  Morpholofrieclies  Jaiirbmiii.,  Band  "23, 1896. 
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On  the  Regulation  of  the  Supply    of  Blood  to  the  Venous  Sinuses  of 

THE  Head  of  Reptiles,  with  Description  of  a  New  Sphincter 

Muscle  on  the  Jugular  Vein.     Hy  H.  L.  Bruner. 

[Abstract.  1 

The  remarkable  deyelopment  of  blood  sinuses  in  the  reptilian  head  has 
received  no  explanation  at  the  hands  of  earlier  investigators.  The  work 
of  the  writer  shows  that  the  origin  of  these  sinuses  is  due  to  periodical 
constriction  of  the  jugular  vein  \sy  a  ring-like  muscle,  whose  contractions 
thus  lead  to  an  increased  blood  pressure  in  the  region  drained  by  the  vein. 

In  Phrynosoma  this  ring-muscle,  which  is  composed  of  striated  fibres, 
is  attached  to  the  lateral  end  of  the  ex-occipital  l)one,  beneath  which  the 
jugular  receives  the  posterior  cerebral  vein.  Immediately  behind  the 
mouth  of  the  latter  vein,  the  ring-muscle  embraces  the  jugular.  The 
muscle  occurs  also  in  turtles  (Emys)  and  snakes  (Tropidonotus). 

According  to  the  observations  of  the  writer  on  lizards,  the  distention 
of  the  extra-cranial  blood  sinuses  is  of  great  importance  at  the  time  of 
moulting,  when  the  removal  of  the  old  epidermis  is  greatly  facilitated  by 
it,  particularly  in  the  rogion  of  the  eyes  and  nasal  openings.  Under  or- 
dinary circumstances,  such  distention  probably  serves  to  express  emotion 
of  various  kinds. 

The  above-mentioned  facts  furnish  a  basis  for  an  explanation  of  tlie 
habit  of  ejecting  blood  from  the  eye  (orbital  sinus),  for  which  Phrynosoma 
is  noted. 

For  additional  details,  the  writer  refers  to  the  paper  itself,  which  will 
be  published  in  full  elsewhere. 


Note  on  the  Aberrant  Follicles  in  the  Ovary  of  Cymatooaster.* 

By  George  L.  Mitchell. 

■ 

The  thickness  of  the  ovarian  follicle  varies  in  different  vertebrates  in- 
versely with  the  size  of  the  egg.  In  species  containing  large  eggs  the 
thickness  of  the  follicle  deci'cnses  relatively  with  the  growth  of  the  ef^g. 
In  the  bird  and  frog  it  is  only  in  the  smaller  eggs  that  the  single  layer 
of  follicle  cells  may  be  distinguished  in  sections.  The  rapid  growth  of  the 
i^gg  soon  stretches  this  layer  of  colls  so  that  it  becomes  finally  indistiii- 


*(^ontribution8  from  tlie  ZoiUotarical  Lnb<»ratory  of  tho  Indinna  I'nivorsity,  No.  25. 
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guishable.  In  npecies  containing  relatively  small  eggs  the  thickness  of 
the  follicle  inn-eaaeM  with  the  growth  of  the  egg.  Examples  of  this  are 
found  in  tishes.  but  the  extreme  Is  found  in  the  Graafian  follicle  of 
mammals. 

The  Graafian  follicle,  whose  stnicture  is  well  known,  offers  some  pecu- 
liar features  which  may  be  explained  in  connection  with  the  reduction  of 
the  size  of  the  ovum  in  the  mammalian  phyllum.  Suggestions  as  to  how 
any  why  the  many  layered  follicle  of  higher  mammalia  has  arisen  from 
the  single  layered  follicles  of  monotremata  are  furnished  by  the  viviparous 
fish  Cymatogaster.  The  egg  in  this  sjiecies  Is  much  below  the  average  in 
size.  It  has  in  fact  lost  nearly  all  of  its  yolk.  It  is  significant,  therefore, 
that  among  many  individuals  with  normal  follicles  there  are  occasionally 
found  individuals  containing  a  small  number  of  many  layered  follicles.  It 
is  to  call  attention  to  tliese  and  to  compare  them  with  the  mammalian 
structures  that  the  present  article  is  prepared. 

In  order  to  fully  appreciate  the  conditions,  follicles  of  various  mam- 
mals and  various  stages  in  the  same  mammal  may  be  briefly  mentioned. 
Poulton  has  found  that  in  monotremata  the  follicular  epithelium  remains 
a  single  row  of  cells. 

The  follicles  of  the  cat.  after  moving  from  the  surface  toward  the 
deeper  parts  of  the  ovary,  begin  to  thicken  from  the  single  layered  stage 
to  the  many  layered  stage.  Fig.  1  represents  the  single  layered  stage. 
Fig.  2  represents  the  many  layered  stage  In  which  the  follicular  cavity  Is 
beginning  to  be  formed.  The  egg  in  the  many  layered  stage  Is  usually 
imbedded  In  the  portion  of  the  granulosa  nearest  the  surface  of  the  ovary. 
The  first  traces  of  the  follicular  cavity  are  seen  in  the  thicker  part  of  the 
granulosa.  As  the  egg  grows  the  follicle  cells  still  multiply  and  the  liquor 
folliculi  filling  the  cavity  distends  the  latter.  ¥ig.  3  shows  the  follicle 
with  its  now  nearly  ripe  egg  imbedded  in  the  discus  proligerus.  This 
figure  represents  the  typical  Graafian  follicle. 

The  follicle  of  the  rabbit  differs  from  that  of  the  cat  (Pig.  4).  Columns 
of  granulosa  cells  connect  the  outer  mass  of  cells  with  that  surrounding 
the  k^f:fi.  In  sudi  follicles  as  many  as  four  stalks  are  found  in  a  single 
sei'tion.  On  examining  other  sections  of  the  same  follicle  other  stalks 
may  be  found  so  that  a  single  follicle  may  contain  as  many  as  seven  of 
these.  In  both  the  cat  and  rabbit  the  thickness  of  the  follicular  wall  is 
not  reduced  with  tlie  growth  of  the  egg.  but  rather  increases  proportion- 
ally with  the  gi-owth.     In  the  opossum  Imth  types  of  follIcleB  of  Figs. 
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3  and  4  were  found.  The  two  varieties  were  about  evenly  divided.  Of 
the  stalked  variety  there  seemed  to  be  few  follicles  with  more  than  two 
or  three  pronounced  cavities. 

The  normal  follicle  of  Cymatogaster  presents  no  novelties.  As  the 
egg  ripens  the  granulosa  cells  become  very  high  and  narrow  columnar, 
but  remain  in  a  single  series. 

As  before  stated,  occasionally  there  are  found,  in  this  species,  follicles 
in  which  the  granulosa  is  made  up  of  a  great  many  layers  of  flattened 
and  polyhedral  cells.  Such  a  one  is  represented  in  Fig.  G.  Those  cells 
immediately  surrounding  the  ovum  and  those  next  the  follicular  wall  are 
noticed  to  be  somewhat  flattened,  while  those  intermediate  are  more 
rounded  and  polyhedral.  The  ovaries,  which  contain  such  follicles,  are 
comparatively  few,  but  where  one  such  follicle  is  found,  usually  two  or 
three  more  may  be  found.  No  indication  of  follicular  cavities  has  been 
observed,  but  the  similarity  of  such  follicles  to  certain  stages  of  the  mam- 
malian follicle  is  at  once  evident    Compare  Fig.  6  with  Fig.  2. 

If,  now,  follicular  cavities  should  be  formed  and  filled  by  an  accumu- 
lation of  follicular  fluid  we  should  have  conditions  similar  to  those  of 
Figs.  2  and  3. 

In  oviparous  fishes,  in  batrachians.  in  birds,  in  monotremes  and  in  the 
^arly  stages  of  mammals,  we  find  the  follicles  one  layered.  In  the  adult 
stages  of  n^arsupials  and  higher  mammals,  where  the  eggs  are  very  small, 
we  find  the  many  layered  condition. 

The  occasional  multilayered  follicle  in  the  ovary  of  Cymatogaster. 
whose  egg  1$  but  .2-.3  mm.  in  diameter,  seems  to  bridge  the  condition  found 
in  normally  large  3'olked  eggs  and  the  minute  eggs  of  the  higher  n^ammals. 

The  material  examined  was  collected  by  Dr.  C.  H.  Eigenniann  on  the 
coast  of  California. 


EXPLANATION   OF  FIGURES, 


Fig.  1-3.    Three  stages  in  the  development  of  the  follicle  of  the  cat 
Fig.  4.    Follicle  of  the  rabbit. 
Fig.  5.    Normal  mature  follicle  of  Cymatogaster. 

Fig.  0.    Abnormal  follicle  of  Cymatogaster  showing  the  small  egg  in 
the  center  of  a  many  layered  granulosa. 

Fig.  7.    Part  of  the  granulosa  layer  of  Fig.  t>.  enlarged. 
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Matkrial  for  the  Study   of  the  Variation  of  Pimeph ales  not atfs  (Ra- 

FINFis<iT  K),  TV   TUKKEV    LaKE   AND   IN  ShOE  AND  TiJ'PBCANOE 

Lakes.'*    By.  J.  H.  Vorip. 

As  a  part  of  the  general  plan  of  the  Indiana  University  Biological 
Station  to  study  the  variation  of  the  same  vertebrates  in  two  contiguous 
lalies  belonging  to  different  water  systems,  I  collected  during  the  summer 
of  1895  a  large  series  of  Pimephales  notatus  in  Turkey  Lal^e  and  the  Shoe 
and  Tippecanoe  Lalses.  Shoe  Lake  is  a  small  body  of  water  perfectly 
land  locked,  but  which  has  but  recently  become  cut  off  from  communica- 
tion with  Tippecanoe  Lake.  Tippecanoe  Lake  is  a  long  narrow  sheet  of 
water  near  the  head  waters  of  the  Tippecanoe  River,  a  tributary  of  the 
Wabash.  Turkey  Lake  occupies  a  corresponding  position  in  the  St.  Law- 
rence system.  At  diflPerent  points  in  Turkey  Lake  530  specimens  were 
collected  in  the  months  of  June,  July  and  August.  In  Tippecanoe,  seventy- 
two  specimens  were  taken,  and  in  Shoe  Lake,  forty-three. 

The  species  is  much  more  abundant  in  Turkey  Lake  than  in  the  other 
two  lakes.  Many  individuals  are  found  along  the  shallow  rocky  shores, 
and  their  eggs  are  found  In  abundance  plastered  on  the  under  surface  of 
boards  and  other  submerged  objects  near  the  margin  of  the  lake  where  the 
water  is  not  more  than  one  or  two  feet  deep.  The  fry  were  seen  In  quiet, 
warm  weather  along  the  shores  by  the  laboratory. 

A  large  number  of  characters  were  examined  at  the  beginning  of  the 
study,  but  as  many  of  these,  for  one  reason  or  another,  were  found  not 
available  for  the  purposes  in  hand,  the  data  were  finally  limited  to  the 
number  of  dorsal  and  anal  rays  and  to  the  scales  of  the  lateral  line.  While 
this  fish  has  the  reputation  of  being  very  variable,  the  characters  ex- 
amined are  remarkably  constant,  and  in  the  number  of  dorsal  and  anal 
rays  the  species  may  be  said  to  have  reached  a  stage  of  stable  equilibrium, 
as  the  following  pages  will  demonstrate.  Since  It  was  not  possible  in  every 
case  to  determine  absolutely  those  scales  In  the  lateral  line  wliich  had  and 
those  which  had  not  spores,  this  character  Is  omitted  from  the  paper. 

A  miscellaneous  lot  of  53G  specimens  from  Turkey  Lake  range  in  length 
from  25  mm.  to  73  mm.  The  largest  number  of  individuals  of  a  given 
length  is  *^7  and  these  have  a  length  of  47  mm.  A  curve  constructed  to 
show  the  relative  number  of  specimens  of  a  given  lengtli  shows  that  they 
do  not  if  all  into  distinct  groups  of  different  ages. 


*  Contributions  from  the  Bioloffiral  Laboratory  of  tlie  Indinna  I'tiivcrsity,  No.  19. 
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The  dorsal  fiu  has  one  spiue-like  ray,  eight  rays,  the  last  one  of  which 
is  double,  and  one  very  small  or  riidimeiitary  ray  before  the  spine.  The 
variation  from  this  is  very  small  indeed.  Of  the  536  specimens  from  Tur- 
key Lake,  97  per  cent,  have  this  number  of  rays,  which  may  be  designateil 
thus:  II  8Vi:,  the  *il"  standing  for  tlie  rudimentary  ray  and  spine,  the  **8*' 
for  the  eight  rays,  and  the  **vy*  for  the  double  of  the  last  ray.  The  aver- 
age numl>er  of  rays  is  8.0037.    The  table  shows  the  results  obtained. 

DORSAL   FIN. 

No.  of  Ray ».  No.of  Sp<-cimeiui.       No.of  Roftt.  No.of  Speeimena. 

II  8K "^ly         I^K 1 

II  9H 4         I  VH 1 

I  8K 9       II  6     1 

118    1 

It  wiil  be  seen  from  the  tal)le  that  over  one-lialf  of  those  that  vary 
from  II  8Vj  are  different  only  in  the  absence  of  the  very  small  rudimentary 
ray.  Tliis  is  so  small  and  lies  so  close  to  the  ba.se  of  the  spine  that  it 
cannot  be  seen  unless  espec'ially  looked  for.  Only  five  specimens  have 
nine  ftdl  rays,  one  with  seven  and  one  with  six,  making  in  all  but  six 
specimens  that  have  a  variation  of  one  full  ray,  and  one  a  variation  ^f 
two  rays  fix)m  II  Sl^. 

The  variation  in  the  anal  fin  is  a  little  more  than  in  the  dorsal,  92.91 
per  cent  have  II  7Vj  rays.  The  anal  fin  has  one  less  ray  than  the  dorsal, 
and  the  average  for  tlie  whole  is  7.0037.  The  greater  per  cent  of  varia- 
tion in  this  fin  is  due  to  the  absence  of  the  rudimentary  ray.  Only  four 
specimens  iiave  one  complete*  ray  more,  and  two  <me  l(»ss  than  117%.  The 
table  shows  the  results  obtained. 

ANAL  FIN. 

No.of  Raiit.                            No.ofSpecimenB,  yo.ot  Ra!f8.                           Ab.o/ j|^M«tm«iM. 

II7J$ : 408       IlfiS 1 

II  8»4 3         IGli 1 

IVA  30         I  8S 1 

II  7      2 


The  following  table  shows  the  dorsal  and  anal  fins,  together  with  the 
number  of  specimens  tliat  each  combination  contains.  It  will  be  seen 
from  this  table  that  there  are  but  three  specimens  in  which  there  is  a 
variation  from  the  prevailing  number  in  both  the  dorsal  and  anal  fins. 
Each  of  tlies(»  has  the  small  rudimentary  raj*  absent  and  one  specimen 
has  one  complete  ray  more  than  the  prevailing  number.    It  seems  that 


235 

there  Is  no  co-ordination  in  tlie  vanation  of  these  two  fins.  The  per  cent, 
of  variation  above  or  beh>w  tlie  i)revailin>r  number  in  eacli  case  is  so  small 
that  it  may  bt»  rejcardeU  as  i)urely  accidental.  At  least  it  can  Ik?  said  that 
this  fish  In  Turkey  T.ake  has  reached  u  stage  of  stable  equilibrium  as  re- 
gards this  character. 

DORSAL  AMD  ANAL  FINS. 

horaal.  Anal.  So.        /for»aL  Anal.  Ao. 

II^S 11  :^ 484  1I9H II7K 4 

II  8K nVt 28  116     II  7H 1 

1  8»i II  7K 7  118^ II  8H H 

I  8J^ 17     2  1I8K I6H 1 

17*^ II  7H 1  118    II7H 1 

I9H I8K.... 1  II  8H U  ^H 1 

II  SVi II  T    2 


The  dorsal  and  anal  tins  of  seventy-two  specimens  from  Tippecanoe 
Lake  were  examined  and  the  results  o1)tained  are  shown  in  the  following 
tables: 

DORSAL   AND   ANAL  FINS. 

Dortal  Fin.                                   No.  Speeimm^,  Anal  Fin.                                      JVo.  Speciment, 

II  8H    64       II7H W 

II  9H :<       II  8^ 2 

II7>i; 2         I7S 1 

I  8S -^ 

DORSAL  AMD   ANAL  FINS  COMBINED. 
Ihir»al  Fin.  Anal  Fin.      No.  Spec  inn- n».        Portal  Fin.  Anal  Fin,      Xo.  Specimnu, 


o 


UB]4 II7H 62         I  8K II7K 

II9H m% 3         I8H I  7H I 

II  7K II  7^ 2       II  8H US% 2 

A  comparison  of  these  tables  with  the  preceding  ones  shows  that  the 
l>er  cent,  of  variation  In  the  Tippecanoe  si>e<*lmens  Is  much  larger  tlian  In 
those  from  Turkey  Lake.  However,  the  numlier  in  the  one  case  Is  not 
sufficient  for  a  definite  conclusion.  Iie;ning  out  of  con.slderatlon  the  small 
rudimentary  ray,  which  would  not  be  noticed  in  an  ordinary  examination, 
and  considering  only  those  castas  In  which  there  Is  a  varlathm  of  at  least 
one  complete  ray  from  the  prevailing  number,  the  per  cent.  In  the  dorsal 
fin  of  the  Turkey  I^ike  specimens  Is  l.:i,  while  In  those  from  Tippecanoe, 
it  Is  7.  The  per  cent,  of  Turkey  Lake  specimens,  that  have  a  variation 
of  at  least  one  ray  from  the  prevailing  number  in  the  anal  fin,  is  1.1,  while 
In  the  TlpiR'canoe  specimens  it  is  2.8. 
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Forty-three  specimens  from  Shoe  Lake  were  examiiie<l,  and  the  results 
obtained  are  shown  in  the  tables  below: 

DOBSAL  AND  ANAL   FINS. 

Vernal  Fin.  A*o.  Sprcimtmt.        Anal  fin.  A'o.  Specimtnui. 

II  8H 41       IITH « 

iH% 2       n% 2 

II  6% 1 

DORSAL   AND   ANAL   FINS  I'OMBINED. 

Donal  Fin.  Annl  Fin.       So.  Specimen*.        Jhtrtal  Fin.  Anal  Fin.      -Vo.  .Specimen*, 

II  8Vi II  7J^ 3S       II8V4 J7H 2 

I  8H 117^ -»       II  «S II7H 1 

The  number  of  specimens  here  is  too  small  to  draw  any  definite  con- 
clusions in  comparison  with  the  others.  It  is  to  be  noticed,  however, 
that  there  is  but  one  case  in  which  the  variation  from  the  prevailing  num- 
ber is  one  complete  ray,  and  that  occurs  in  the  anal  fin. 

The  scales  in  the  lateral  line  of  each  side  of  500  specimens  from  Tur- 
key Lake  were  counted.  They  range  from  40  to  48  in  number,  and  the 
largest  number  of  individuals  have  44.  The  table  below  shows  the  number 
of  individuals  which  have  a  given  number  of  scales  on  each  side.  The 
striking  thing  shown  by  this  table  is  the  regularity  of  the  variation  on  the 
right  side.  The  largest  number  of  individuals  has  44  scales,  and  there  is 
a  range  of  four  both  above  and  below  this. 

No.  Svah'it  No.  Seahs 

Right  Siile.  Xo.  !^:cimvn$.  L*'ft  Side.  So,  Speciment. 

40 3 40 1 

41 7 41 8 

42 3i> 42 45 

43 12H 43 l.'» 

44 157 44 168 

45 121 45 90 

46 :;7 46 40 

47 11 47  8 

48 2 48 4 


Average 44 .01 4:i  .912 

On  the  right  side  the  variation  is  nearly  symmetrical.  On  the  left  side 
there  is  not  such  a  marked  symmetry.  The  number  of  specimens  that 
have  fewer  than  44  scales  on  the  right  side  is  but  one  more  than  those 
that  have  more.  On  the  left  side,  there  are  190  that  have  fewer  than  44 
scales,  and  142  that  have  more,  a  difference  of  48. 
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The  average  deyiation,  or  index  of  variability  for  the  right  is  .9369,  for 
the  left  .1M916. 

In  the  following  table  every  possible  combination  of  scales  for  the  two 
sides  is  given  with  the  actual  number  of  specimens  for  each  combination 
in  one  column,  and  the  number  according  to  the  laws  of  probability  in  a 
parallel  column: 
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Right. 


Left. 


40 

40 

40 

40 

40 

40 

40 

40 

40 

4 

4 

4 

4 

4 

4 

4 

4 

4 

42 

42 

42 

42 

42 

42 

42 

42 

42 


40 
41 
42 
43 
44 
45 
46 
47 
48 
40 
41 
42 
43 
44 
45 
46 
47 
48 
40 
41 
42 
43 
44 
45 
46 
47 
48 


Calculated 
Number. 

Sea 

1 

fl  a  2 

< 

1 

,  Right. 

1 

0 

43 

0 

0 

43 

1 

0 

43 

1 

1 

43 

0 

1 

43 

0 

1 

43 

0 

0 

43 

0 

0 

43 

0 

0 

43 

0 

0 

44 

2 

0 

44 

2 

1 

44 

2 

2 

U 

1 

2 

U 

0 

1 

44 

0 

1 

44 

0 

0 

1 

44 

0 

0 

41 

0 

0 

45 

2 

1 

45 

10 

3 

45 

14 

10 

4o 

9 

13 

45 

1 

6 

45 

0 

2 

45 

0 

1 

46 

(t 

0 

46 
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44 
45 
46 
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40 
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45 
46 
47 
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15 

56 
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13 

2 

0 

0 
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14 

37 

69 
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4 
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0 

0 

3 

22 

41 

33 

17 
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Number  of 
Specimens. 
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The  two  columns  show  that  there  is  a  striking  deviation  from  the 
calculated  results,  the  result  of  a  marked  correlation  in  the  variation  or 
tendency  to  or  toward  bilateral  symmetry.     As  calculated,  the  chance 
association  of  the  same  number  of  scales  on  the  two  sides  would  occur  lir» 
times  for  all  combinations,  it  actually  occurs  187  times.     The  specimens 
fall  into  several  definite  groups  in  which  the  same  number  of  scales  on 
each  side  forms  the  center  of  a  jrroup.    This  is  not  quite  true  at  the  ex- 
tremes, but  is  especially  marked  in  the  central  groups  into  which  the 
larjre  nmjority  of  the  specimens  fall.     There  are  three  specimens  in  the 
first  jrroui).  each  of  which  has  40  scales  on  the  right  side.     One  has  40 
scales  on  the  left  side,  one  42.  and  one  43.     The  greatest  difference  in 
the  number  on  the  two  sides  is  three.     There  are  three  specimens  in  the 
first  groui)  of  the  calculated  column.    Each  has  40  scales  on  the  right  side, 
one  has  43  on  the  left,  one  44  and  one  45.    The  greatest  difference  in  this 
case  is  five,  and  none  have  the  same  number  on  both  sides.    In  the  second 
group  of  the  actual  column  tliere  are  seven  specimens,  two  with  41  scales 
on  each  side,  twij  witli  41  on  tlie  right  side  and  42  on  the  left,  two  with 
41  on  the  right  and  43  on  the  left,  and  one  with  41  on  the  right  and  44  on 
the  left.    The  greatest  difference  in  the  number  of  scales  on  the  two  sides 
is  three.    There  are  seven  spec'imens  in  the  second  group  of  the  calculated 
column.    Kach  has  41  scales  on  the  right  side  and  on  the  left  side  one  has 
42,  two  have  43,  two  44,  one  45,  and  one  4G.    As  in  the  first  group  of  this 
column,  none  have  the  same  number  on  both  sides,  and  the  greatest  differ- 
ence is  five.    The  number  of  specimens  in  the  fourth  group  of  the  actual 
column  is  12G.    Eacli  has  43  scales  on  the  right  side,  and  on  the  left  three 
have  41,  fifteen  42,  fifty-six  43,  thirty-seven  44,  thirteen  45  and  two  40. 
The  largest  number  of  individuals  in  this  group  which  have  the  same 
combination,   have  the  same  number  of  scales  on   l)oth  sides,  and  the 
greatest  difference  in  the  number  on  the  two  sides  as  in  the  other  cases 
is  three.     The  calculated  column  of  the  same  group  contains  125  speci- 
mens, each  of  which  has  43  scales  on  the  right  side.    On  the  left  side,  two 
have  41,  eleven  have  42,  thirty-four  43,  forty-two  44,  twenty-three  45,  ten 
46,  two  47  and  one  48.     The  largest  number  in  this  case  with  the  same 
combination  has  43  scales  on  tlie  right  side  and  44  on  tlie  left,  and  the 
greatest  difference,  as  before,  is  five. 

The  number  of  spe<Mmens  in  the  same  groups  of  the  two  columns  is 
the  same  in  most  cases,  and  in  no  case  is  there  a  difference  of  more  than 
one.    This  difference  is  perhaps  due  to  the  dropx>ing  and  adding  of  frac- 
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tioDS.  In  the  calculations  fractions  of  less  value  than  one-half  were 
dropped  and  those  of  a  value  of  one-half  or  more  were  calleil  one.  It  will 
be  observed  from  the  groups  described— and  the  same  is  true  of  the  other 
groups— that  when  the  number  of  scales  Is  the  same  on  each  side  or  not 
more  than  a  difference  of  one,  the  actual  column  excee<ls  the  calculated, 
and  as  the  difference  increases,  the  calculated  column  exceeds  the  actual. 
A  comparison  of  the  corresponding  groups  in  the  two  colunms  in  every 
case  gives  the  same  results  as  In  those  descril>ed,  all  of  which  demon- 
strates the  tendency  to  bilateral  synmietry  or  a  marked  correlation  in  the 
variation  of  the  two  sides. 


Pkeliminary  Note  Upon  the  Arrangement  of  Rods  and  Cones  in  the 
Retina  of  Fishes.     By  C.  II.  Eigenmann  and  George  Hansell. 

[Abstract  .J 
A  variety  of  lish  eyes  were  examined,  and  it  was  found  that  in  most 
cases  the  rods  and  cones  are  arranged  in  a  regular  pattern.    This  pattern 
is  either  that  described  by  Hannover  and  Ryder  for  fishes  or  a  slight 
modification  of  this  pattern. 


Degeneration  in  the  Eyes  of  the  Amblyopsid^e,  Its  Plan,  Process  and 

Causes.     By  Carl  II.  Eigenmann. 
[Sammary  only.] 

1.  There  are  at  least  six  species  of  "blind  fislies,''  Amblyopsida?,  inhabiting 
North  America,  three  with  well-developed  eyes  and  three  with  mere  vestiges. 

2.  The  tliree  species  with  vestigial  eyes  are  descended  from  generically  dis- 
tinct ancestors  with  well-developed  eyes. 

3.  Theiie  species  can  be  more  readily  distinguished  by  the  structure  of  their 
eyes  than  I)y  any  other  characteristic. 

4.  Tlie  most  highly-developed  eye  is  much  smaller  and  simpler  than  the  eye 
of  normal-eyed  fishes. 

5.  The  structure  of  their  eyes  may  be  represented  by  the  following  key  to 
the  genera  and  species. 

a.  Vitreous  body  and  lens  normal,  the  eye  functional.  No  scleral  carti- 
lages. Eye  }<ermanently  connected  with  the  brain  by  the  oj)tic  nerve.  Eye 
muscles  normal.     No  optic  fibre  layer.     Minimum  diameter  of  the  eye  .700  fi. 

Cbologastor. 
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b.  Eye  in  adult  more  than  1  mm.  in  longitudinal  diameter.  Lens  over  .5  mm. 
in  diameter.  Retina  verj  simple,  its  maximum  thickness  835  fi  in  the  old ;  the 
outer  and  inner  nuclear  layers  consisting  of  a  single  series  of  cells  each;  the 
ganglionic  layer  of  isolated  cells.  Maximum  thickness  of  the  outer  nuclear  layer 
5  /i ;  of  the  inner  layer  8  w cornutns 

bb.  Eye  in  adult  less  than  1  ram.  in  longitudinal  diameter.  Lens  less  than 
.4  mm.  Outer  nuclear  layer  composed  of  at  least  two  layers  of  cells;  the  inner 
nuclear  layer  of  at  least  three  layers  of  cells,  the  former  at  least  10  //  thick,  the 
latter  at  least  18  //. 

c.  Pigment  epithelium  65  fi  tiiick  in  the  middle-aged,  102  in  the  old. 

papilliferus. 

cc.  Pigment  49  //  thick  in  the  middle-aged,  74  in  the  old ;  24-30  per  cent, 
thinner  than  in  papilliferus.     Eye  smaller agassizii. 

aa.  The  eye  a  vestige,  not  functional ;  vitreous  body  and  lens  mere  vestiges ; 
the  eye  collapsed,  the  inner  faces  of  the  retina  in  contact ;  maximum  diameter  of 
eye  about  200  //. 

d.  No  scleral  cartilages;  no  pigment  in  the  pigment  epithelium,  a  minute 
vitreal  cavity ;  hyaloid  membrane  with  blood  vessels.  Pupil  not  closed.  Outer 
nuclear,  outer  reticular,  inner  nuclear,  inner  reticular,  ganglionic  and  pigment 
epithelial  layers  differentiated.  Cones  probably  none.  No  eye  muscles.  Maxi- 
mum diameter  of  eye  180  //.  Eye  probably  connected  with  brain  throughout 
life Typhlichthys. 

dd.  Scleral  cartilages ;  pigment  in  the  pigment  epithelium ;  vitreal  cavity 
obliterated;  no  hyaloid  membrane.  Pupil  closed.  Some  of  the  eye  muscles 
developed.  No  outer  reticular  layer.  Outer  and  inner  nuclear  layers  merged 
into  one.     Eye  in  adult  not  connected  with  the  brain. 

e.  Pigment  epithelium  well  developed;  cones  well  developed;  ganglionic 
cells  forming  a  funnel-shaped  mass  through  the  center  of  the  eye.  Pigmental 
epithelium  over  the  front  of  the  eye  without  pigment.  Maximum  diameter  of 
eye  about  200  // Amblyop^is. 

ee.  Pigment  epithelium  developed  on  distal  face  of  the  eye,  rarely  over  the 
sides  and  back.  No  cones.  Nuclear  layers  mere  vestiges;  the  ganglionic  layer 
restricted  to  the  anterior  face  of  the  eye  just  within  the  pigmented  epithelium. 
Maximum  diameter  of  the  eye  about  85  // Troglichthys. 

6.  The  structure  of  the  vestigial  eyes  differs  much  in  different  individuals. 

7.  The  eye  of  Chologaster  is  an  eye  symmetrically  reduced  from  a  larger 
normal  fish  eye. 

8.  The  retina  in  Chologaster  is  the  first  structure  that  was  simplified. 


241 

9.  Later  the  lens,  and  especially  the  vitreous  body,  degenerated  more 
rapidly  than  the  retina. 

10.  The  eye  of  Typhlichlhys  has  degenerated  along  a  different  line  from 
that  of  Amblyopsis,  its  pigmented  epithelium  having  been  most  profoundly 
affected. 

11.  The  eye  muscles  have  disappeared  in  Typhlichthys. 

12.  Troglichthys  shows  that  the  steps  in  the  degeneration  of  the  muscles 
were  in  the  direction  of  lengthening  their  attaching  tendons,  finally  replacing  the 
muscles  with  strands  of  connective  fibres. 

13.  The  scleral  cartilages  have  not  kept  pace  in  their  degeneration  with  the 
active  structures  of  the  eye. 

14.  The  lens  in  the  blind  species  is,  for  the  most  part,  a  small  group  of  cells 
without  fibres. 

15.  The  proportional  degeneration  of  the  layers  of  the  retina  is  shown  in 
diagram  j. 

16.  With  advancing  uge  the  eye  of  Amblyopsis  undergoes  a  distinct  onto- 
genic  degeneration  from  the  mature  structure. 

17.  The  phyletic  degeneration  does  not  follow  the  reverse  order  of  develop- 
ment. None  of  the  adult  degenerate  eyes  resemble  stages  of  past  (phyletic)  adult 
conditions. 

18.  The  degenerate  eyes  do  not  owe  their  structure  to  a  cessation  of  develop- 
ment at  any  past  ontogenic  stage,  t.  e.,  at  any  stage  passed  through  in  the  de- 
velopment of  a  normal  life. 

19.  Cessation  in  development  occurs  only  in  the  reduction  of  the  number  of 
cell  generations  produced  to  form  the  eye  not  in  cessation  of  morphogenic  pro- 
cesses. 

20.  In  some  cases  (Typhlichthys)  there  is  a  retardation  in  the  rate  of  de- 
velopment, the  permanent  condition  being  reached  later  in  life  than  is  usual  in 
fishes.  (It  is  possible  that  the  pigment  of  the  pigment  epithelium  never  comes 
to  develop  at  all.  It  is,  however,  impossible  to  assert  this  until  the  embryos  of 
this  species  are  examined.  It  is  possible  that  the  pigment  degenerates  before  the 
stages  are  reached  that  I  have  examined.) 

21.  The  degenerate  condition  of  the  eye  appears  in  the  embryo.  The  crowd- 
ing back  has  followed  the  law  of  tachygenesis. 

22.  The  conditions  in  the  eyes  of  the  Amblyopsida;  can  only  be  explained 
as  the  result  of  the  transmission  of  disuse  effect. 


16— SCIKXJK. 
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The  Ear  and  Hearing  of  the  Blind-fishes.*     By  Carl  H.  Eioenmank 

AND  Albert  C.  Yoder. 

The  following  words  of  Prof.  Cope  are  frequently  quoted:  "They 
(Amblyopsls)  are  unconscious  of  the  presence  of  an  enemy,  except  through 
the  medium  of  hearing.  This  sense,  however,  is  evidently  very  acute;  for 
at  any  noise  they  turn  suddenly  downward  and  hide  beneath  atones,  etc.. 
on  the  bottom." 

Miss  Hoppin  (Garman,  1889)  was  the  first  to  cast  doubt  on  this  state- 
ment. She  failed  to  get  any  response  from  Troglichthys  as  long  as  noises 
only  were  resorted  to. 

Our  own  observations  (Proc.  Biit.  Ass.  A.  Science,  Toronto  Meeting) 
on  Amblyopsis  confirm  those  of  Miss  Hoppin  on  Troglichthys.  No  noises 
produced  had  any  effect  on  Amblyopsis.  Whistles,  tuning  forks,  clapping 
of  hands,  shouting  in  the  reverberating  caves,  were  alike  disregarded. 
Not  one  observation  was  made  that  would  indicate  that  these  fishes  can 
hear.  This  does  not  imply  that  the  auditory  organs  of  this  fish  are  not 
fully  developed.  Nor  is  it  an  indication  that  the  auditor^'  function  of  this 
fish  is  degenernto,  for  Kreidl  and  Lee  have  both  shown  that  fishes  as  a 
class  are  unable  to  hear,  Kreidl's  observations  were  made  on  fishes  which 
were  blinded  or  from  which  the  operator  was  hidden  by  some  contrivance. 
Neither  of  these  devices  need  be  resorted  to  with  the  present  species. 

Anatomically  considered,  the  ear  of  Amblyopsis  is  normal.  Numbers 
of  ears  together  with  the  brains  have  been  dissected  out  These  were 
treated  either  with  Flemming's  strong  solution  or  with  Hermann's  fluid, 
either  of  which  stained  the  nerve  matter  black. 

In  the  first  place,  the  three  semi-circular  canals  are  present  and  each 
has  its  ampulla  fully  developed.    The  three  ampullte  and  the  sinus  utricu 
lus  superior  communicate  with  the  utriculus  in  front,  behind,  and  al)ove 
Below,  the  utriculus  communicates  with  the  sacculus,  which  terminates 
posteriorly  in  an  appendage,  the  lagena. 

The  tliree  ear  bones  are  present,  one  in  the  recessus  utrlcull,  one  (the 
largest)  in  tlie  sacculus,  and  the  other  in  the  lagena. 

The  auditory  nerve  divides  into  two  branches,  tlie  ramus  anterior  and 
the  ramus  posterior.  The  ramus  anterior  divides  into  three  branches— 
the  ramulus  ampulla*  anterioris,  which  extends  to  the  anterior  ampulla; 
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the  ramulns  ampullae  externa?,  which  extends  to  the  external  ampulla; 
the  ramulus  recessus  utrlcull,  which  extends  to  the  recessus  utriculi.  The 
ramus  posterior  gives  off  a  heavy  branch,  the  ramulus  saoculi,  whicli  ex- 
tends to  the  sacculus.  The  rest  of  the  ramus  posterior  divides  into  the 
ramulus  lagena?,  which  extends  to  the  lageha;  and  the  ramulus  ampulla 
posterioris,  which  extends  to  the  posterior  ampulla.  Another  branch,  the 
ramulus  neglectus.  which  is  normally  given  off  where  the  ramus  pos- 
terior divides  into  the  ramulus  ampulla  i)osteri()ris  and  ramulus  lagenoe, 
has  not  been  identilled. 

The  normal  fish  ear  has  seven  auditory  spots— the  macula  acusticus 
recessus  utriculi,  three  eristic  acusticus  ampullarum,  macula  acusticus 
<acculi.  papilla  acusticus  lngenji\  and  tlie  macula  acusticus  neglecta.  In 
Amblyopsis  all  of  tliese  auditory  spots  are  present: 

PAPEIIS  CONSULTED. 

Ayres,  Howard.  1892.     "Vertebrate  (Vphalogenesis."     **A  Contribution  to 

the  Morphology  of  the  Vertebrate  Ear,  with  a  Reconsideration  of  Its 

Functions,"  Journal  of  Morphology,  Vol.  G,  p.  1. 
1am»,  Frederic  S.,  ISJhS.     "The  Functions  of  the  Ear  and  the  lateral  Line 

in  Fishes,*'  American  Journal  of  Physiology,  Vol.  1,  No.  1. 
Kreidl.    Alois,    Lsur).     "rcber   die    Perception   der   Schallwellen   bei    den 

Fischen,"  Archiv  fUr  die  Gesammte  Physiologic.    Vol.  61,  p.  450, 
Uetzius,  Gustaf,  1881.     "Das  (iehurogan  der  Wirbelthiere." 

EXPLANATION  OF  FIGURES. 

The  lettering  is  uniform  throughout  and  in  the  main  that  used  by 
Ketzius  in  "Das  Gehororgan  der  Wlrbelthlere," 
ca~Canalis  anterior, 
ce— Canalis  externus. 
cp— Canalis  posterior, 
s— Sacculus. 
u— Utriculus. 
rec— Recessus  utriculi. 
ss— Sinus  utriculi  superior. 
I'us— Canalis  utriculo-saccularls. 
1— Lagena. 
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C? 


aa— Anipulhi  anterior. 

ae— Ampulla  oxlt'rna. 

ap — Ampulla  postcricn*. 

era— Crista  acustioa  ampulhi?  anterloris. 

ere — Crista  acustioa  ampullai  externa?.. 

rau— Macula  acrustica  recessus  utriouli. 

ms— Macula  acustira  sacculi. 

pi— Papilla  acustioa  laKena\ 

mn— Macula  aoustioa  n(»fflo<ta. 

na--Ncrvu8  acusticu^. 

ra— Ramus  anterior. 

v\) — Ramus  ptwtcrior. 

raa— Ramulus  ampulUv  anterioris. 

rae— Ramulus  ampulhc  exterujp. 

rs— Ramulus  sacculi. 

rl— Ramulus  lageuii^. 

rap— Ramulus  ampulhv  posterioris. 

ov— Oval  opeuin^r  into  sac<ulus  from  the  canalis  utrieull-sacoularls. 

l»v— Blood- ves.sel. 

cap— ('apula  terminalis. 

01)— Epithelial  lining. 

jf— (Jaufjlion  cells. 

o— Otolith. 

PMg.  1.  Right  ear.  View(Ml  from  the  exterior  and  above.  The  dotted 
lines  show  tlie  planes  of  sections,    x  12. 

Fig.  2.  Brain  and  right  ear.  Dorsal  view.  The  nerves  are  shown 
black.  The  tibers  for  the  most  i)art  are  ly^der  tlu^  ear,  but  they  were 
seen  through  the  membranous  parts.     x21. 

Fig.  3.    Brain  and  right  ear.     Ventral  view,    x  2.'?. 

Fig.  4.  Cross  section  of  utriculus  and  the  crista  in  the  external  canal. 
xl95. 

Fig.  5.  Part  of  a  vertical  .soction  through  the  brain,  ramulus  sacculi, 
and  sacculi.    The  course  of  the  ramulus  sacculi  is  shown  here.    xl05. 

Fig.  C.  Section  showing  canalis  utriculo-.sa ocularis  and  the  oval  open- 
ing through  which  there  is  communication  between  the  utriculus  and  the 
sacculus.  The  sections  were  ma<le  parallel  to  the  sinus  utriculo-superlor. 
xlOS. 
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Fig.  7.  Utriculus  and  eanalis  exteruus.  Cross  sectiou  showing  the 
macula  neglecta.    x  195. 

Fig.  8.    Lagena.    Cross  section  sliowing  the  capilla  acustica.    x  195. 

Fig.  9.  Ampulla  anterior.  Longitudinal  section.  Cross  section  of 
crista,     x  195. 

Fig.  10.  Utriculus.  Cross  section  showing  the  macula  neglecta. 
X  (Ve  obj.  2  in  oc). 

Fig.  11.  The  three  otoliths  drawn  to  the  same  magnification.  The 
largest  belongs  to  the  sacculus;  the  smallest  to  the  lagena,  and  the  other 
to  the  recessus  utriculi.    x  23. 


A  Case  of  Convergence.*    By  Carl  H.  Eioenmann. 

In  1859  Girard  (Proc.  Acad.  Nat.  Sc,  Phila.,  p.  62)  described  a  small 
blind  fish,  Tifphlichthys  suhterraneits  from  Bowling  Green,  Kj'.  This 
species  has  since  been  found  to  be  abundant  in  the  subterranean  waters 
east  of  the  Mississippi  and  south  of  the  Ohio. 

In  1889  Garman  (Bull.  Mus.  Comp.  Zool.  XVII,  No.  0)  gave  an  account 
of  a  blind  fish  from  some  caves  in  Missouri.  Mr.  Garman  says:  "Com- 
pared with  specimens  from  Kentucky  and  Tennessee,  they  agree  so  ex- 
actly as  to  raise  the  question  whether  the  species  was  not  originated  in 


one  of  the  localities  and  thence  distributed  to  the  others.  ♦  ♦  ♦  There 
Is  no  doubt  that  the  representatives  of  TyphUchthps  suhtcrraneua  in  the 
various  caves  were  derived  from  a  single  common  ancestral  species.  The 
doubts  concern  only  the  probability  of  the  existence  of  three  or  more  lines 
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of  development  in  as  many  different  locntious,  starting  from  the  same 
.species  and  leading  to  such  practical  identity  of  result." 

Ably  arguing  the  case  from  the  data  on  hand,  Garman  came  to  the 
conclusion  "that  these  blind  fishes  originated  in  a. particular  locality,  and 
have  been  and  are  being  distributed  among  the  caves  throiighout  the 
valley"  (of  the  Mississippi). 

Two  of  the  specimens  from  Missouri  served  Kohl  ("RudimentlU^ 
Wirbelthieraugen,**  1892)  for  his  account  of  the  eyes  of  North  American 


blind  fishes.  At  my  re<iuest  Mr.  Garman  sent  me  two  of  the  Missouri 
specimens.  He  urged  me  at  the  same  time  to  make  a  more  extensive 
comparison  between  them  and  the  Mammoth  cave  specimens.  A  compari- 
son of  the  eyes  of  specimens  from  the  two  localities  not  only  proved  that 
they  represented  distinct  species,  but  that  they  are  of  separate  origin. 
An  announcement  of  the  species  without  further  description  was  published 
(Proc.  Ind.  Acad.  Sci.  for  1897,  p.  231.  1898).  The  species  was  "named 
ro8W  for  the  rediscoverer  of  the  California  TyphlogoUua,  a  pioneer  in  the 
study  of  biology  among  women,  Mrs.  Rosa  Smith  Eigenmann.*'  In  the 
spring  of  1897  I  visited  various  caves  in  Missouri  to  secure  additional 
material  of  what  was  recognized  as  in  many  ways  the  moet  Interesting 
member  of  the  North  American  fauna.  No  specimens  were  secured,  but 
a  liberal  number  of  bottles  of  alcohol  and  formalin  were  scattered  over 
the  country.    During  this  fall,  tlirough  a  grant  from  the  Elizabeth  Thomp- 
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son  Science  Fund  and  through  the  courtesy  of  the  officers  of  the  Monon, 
the  L.  E.  and  St.  L.  and  the  Frisco  R.  R.  lines,  I  was  enabled  to  visit 
the  cave  region  of  Missouri  agalu.  This  time  I  visited  nine  eaves  and 
secured  eight  specimens.  I  have  since  received  an  additional  number 
from  a  correspondent.  From  information  gathered  it  would  seem  that 
this  species  (or  similar  ones)  has  a  wide  distribution  in  the  subterranean 
water  of  the  southern  half  of  Missouri  and  northern  Arkansas,  probablj' 
also  the  eastern  part  of  Kansas. 


On  the  surface  the  specimens  very  cosely  resemble  TypMichthys  8iib~ 
tcrraneus  from  Mammoth  Cave,  ditfering  slightly  in  t^e  proportion  and  in 
the  pectoral  and  caudal  fins.  These  fins  are  longer  in  roscc.  It  is,  bow- 
ever,  quite  evident  from  a  study  of  their  eyes  that  we  have  to  deal  here 
witli  a  case  of  convergence  of  two  very  distinct  forms.  They  have  coi>- 
verged  1>ecau8e  of  tlie  similarity  of  their  environment  and  especially  owing 
to  the  absence  of  those  elements  in  their  environment  that  lead  to  external 
l>rotective  adaptations.  The  details  of  the  structure  of  the  eyes  of  all  the 
members  of  the  Amblyopsidse  will  be  published  shortly,  and  I  need  call 
attention  here  only  to  the  structures  that  warrant  the  conclusion  that  the 
cis  and  transmississippi  forms  of  blind  fishes  without  ventral  fins  are  of 
distinct  origin.  Tlie  blind  fish  Amblyopsis  may  be  left  out  of  considera- 
tion, since  it  is  the  only  member  of  the  family  that  possesses  ventral  fins. 
Otherwise,  it  would  be  difficult  to  distinguish  specimens  of  similar  size  of 
tliis  species  from  either  subterraneus  or  roscc, 
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The  eye  of  T.  svbtcrranevs  is  surrounded  by  a  very  thin  layer  of  tissue 
reproseuting  the  sclera  and  choroid.  The  two  layers  are  not  separable. 
In  this  respect  it  approaches  the  condition  in  the  eplgean-eyed  member  of 
the  family  Cholopaster.  For  other  reasons  that  need  not  be  given  here, 
it  is  quite  certain  that  Typhlichthys  is  the  descendant  of  a  Cliologaster,  The 
intensity  of  coloration  and  the  structure  of  the  eye  are  the  chief  points  of 
dilTerenoc.  The  eye  of  rosir  is  but  about  one-third  the  diameter  of  that  of 
Hubterranens,  measuring  06  mm.  or  thereabout.  It  is  tQie  most  degenerate 
as  distinguished  from  undeveloi>ed  vertebrate  eye.  The  point  of  imiwrtance 
in  the  pre.sont  instance*  is  the  presence  of  comparative!}'  enormous  scleral 
cartilages.*  These  have  not  degenerated  in  proportion  to  the  degenenition 
of  the  eye  and  in  some  cases  are  several  times  as  lon>r  as  the  eye,  projecting 
far  beyond  it  or  are  puckered  to  make  their  dlsproportionat;^  size  fit  the  van- 
ishing eye.  The  si>ecie9  is  unquestionably  descended  from  a  t?pecies  with 
well-developed  scleral  cartilages,  for  it  is  not  conceivable  that  the  sclera 
as  found  in  Cholofjastn-  could,  by  any  freak  or  chance,  give  rise  during 
degent^ration  to  scleral  cartilages,  and  if  it  did.  they  would  not  develop 
several  sizes  too  large  for  the  eye.  At  present  no  known  epigean  species 
of  the  Amblyopsidft?  possesses  scleral  cartilages.  The  ancestry  of  ro8(€ 
is  hence  known.  Ajnbli/opsis  possess>es  scleral  cartilages  and  the  eye  of 
rosw  passed  through  a  condition  similar  to  that  possessed  by  Amhiyopsis. 
but  the  latter  species  has  ventral  fins  and  is  hence  ruled  out  as  a  possible 
ancestor  of  rona'.  The  ei)igean  ancestry  of  Amhiyopsis  is  also  unknown. 
The  ancestry  of  TuphWchthiis  being  quite  distinct  fn)m  that  of  rostr,  the 
latter  species  may  be  n»ferred  to  a  new  generis  named  Troglivhthys. 

Judging  from  the  degree  of  degeneraticm  of  the  eye  Troglichthys  has 
lived  in  caves  and  done  without  the  use  of  its  eyes  longer  than  any  other 
known  vertebrate.  (Ipnops  being  a  deep-sea  form  is  not  considered.)  More 
than  this,  rosw  is  probably  the  oldest  resident  in  the  region  it  inhabits. 

Since  the  specimens  kindly  sent  by  Mr.  Garman,  in  the  course  of  ex- 
amination, have  been  reduced  to  sections,  the  specimens  now  in  my  pos- 
session, together  with  a  few  sent  to  the  British  Museum,  all  having  come 
from  the  same  cave,  may  be  considered  typical. 

In  addition  to  the  acknowledgments  made  before  I  wish  also  to  thank 
the  ofl^cers  of  the  Louisville  and  Nashville  R.  R.  for  transportation  to 
Mammoth  Cave.    I  must  especially  express  my  appreciation  of  the  assist- 


*Kohl  mistook  the  nature  of  the»e  gtructurei,  as  he  did  of  every  other  connected  with 
thesie  eyes,  except  tho  lens  and  ganfflionic  cells. 
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nnce  rendered  me  by  Mr.  William  MeDoel.  General  Manager  of  the-Monon, 
in  enabling  me  to  make  explorations  in  the  numerous  eaves  of  the  Lost 
River  region  along  his  line  and  to  visit  caves  at  greater  distances.  Mr. 
H.  C.  Ganter,  the  manager  of  the  Mammoth  Cave  Hotel,  not  only  granted 
me  leave  to  collect  in  the  cave,  but  did  everything  possible  to  make  my 
trip  to  this  cave  successful. 


ChOLOO ASTER  AOASSIZII   AND   ItS   EyES.      By   CaRL   H.    EiGENMANN. 

[Abstract.] 

Chologa«ter  agassizii  has  heretofore  been  known  from  the  type  speci- 
men only.  This  came  from  a  well  at  Ix^banon,  Tennessee.  I  have  heard 
of  other  specimens,  but  neither  persuasion  nor  a  liberal  cash  promise  was 
able  to  bring  one  of  these  specimens.  Five  specimens  were  recently 
caught  by  me. 

Chologaster  agassizii  possesses  this  peculiar  interest:  The  Amblyops- 
ida?,  evidently  the  wriM'k  of  an  ancient  numerous  fauiily>  are  now  ivpre- 
sented  by  Chologaster  with  well-develoiKHl  eyes,  and  the  various  blind 
fishes  with  greatly  degenerate  eyes.  Of  Chologaster  th(»re  are  three  known 
species.  One  of  these  lives  in  the  stn»ams  of  the  Atlantic  slope  and  does 
not  concern  ns.  The  other,  Ch.  papilliferus,  lives  in  springs  in  south- 
western Illinois,  while  the  tliird,  Ch.  agassizii,  lives  altogether  in  sub- 
terranean streams.  I  wanteil  Ch.  agassizii  to  compare  its  eyes  with  those 
of  Ch.  papilliferus.  The  interest  is  heightened  by  the  fact  that  the  two 
species  aiv.  very  similar,  the  eye  of  agassizii  is,  however,  very  much 
smaller  and  will,  when  examined,  give  us  one  of  the  steps  of  degeneration 
through  which  this  structure  passes. 


The  Eye  of  Typhlomoloe  from  the  Artesian  Wells  of  San  Marcos, 

Texas.      By  C.  H.  Eigenmann. 

f  Abstract.] 
The  eye  of  Typhlomolge  has  lost  the  lens  and  for  the  most  part  the 
vitreous  body.  The  eye  has,  as  a  result,collapsed.  The  pupil  is  still  open 
in  the  young  but  becomes  closed  in  the  adult,  and  in  its  region  the  pig- 
ment of  the  iris  l>ecomrs  much  thicker  than  the  pigmenttnl  layer  at  the 
back  of  the  retina. 
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The  Eyes  of  Typhlotriton  Spel^eus.*    By  Carl  H.  Eiqenmakk 

AND  W.  A.  Denny. 

rAbstract.l 

Typhlotriton  was  discovered  in  Rock  House  Cave,  Barrie  County,  Mo., 
by  Mr.  F.  A.  Sampson,  in  July,  1891.  The  specimen  was  described  by 
Stejneger  in  the  Proc.  U.  S.  Nat.  Mus.,  Vol.  XV,  p.  115.  This  is  the  only 
mention  made  of  this  salamander  in  literature. 

In  the  spring  of  1897,  I  visited  RocIj  House  Cave  and  secured  a  num- 
ber of  larvae  which  Stejneger  pronounced  the  larvae  of  his  Typhlotriton. 
I  was  informed  by  Mr.  E.  A.  Schultze,  a  member  of  this  academy,  that  he 
had  seen  this  salamander  in  the  underground  passage  to  Blondis  Throne 
room  in  Marble  Cave,  Mo. 

In  September  of  1898  I  visited  this  cave  and  secured  four  adults  and 
three  larvae  of  the  Typhlotriton.  A  large  number  of  larvae  were  ob- 
tained from  Rock  House  Cave.  Those  from  Rock  House  Cave  had  lived 
in  the  light,  but  it  is  scarcely  supposable  that  those  from  Marble  Cave 
had  ever  been  aCfecteil  by  the  light.  In  the  caves  both  larvae  and  adults 
are  found  under  stones  in  and  out  of  the  water.  Occasionally  one  is  seen 
lying  on  the  bottom  of  a  pool. 

In  the  aquarium  the  larvae  creep  into  or  under  anything  available.  A 
rubber  tube  served  as  a  hiding  place.  The  rubber  tube  admitting  water  to 
the  acquarlum  is  sometimes  occupied  by  several  (at  one  time  seven)  during 
a  temporary  cessation  of  the  flow  of  water.  A  wire  screen  sloping  from  the 
l)ottom  of  the  aquarium  forms  the  most  popular  collecting  place  of  the 
larvae.  They  collect  beneath  this,  although  it  is  no  protection  from  the 
light  The  eye  does  not  protrude  in  the  larva  but  it  does  in  the  adult  It  Is 
retracted  after  death,  however,  so  that  preserved  specimens  will  not  give 
a  correct  impression  of  the  real  condition. 

The  following  are  a  series  of  measurements  on  the  larvae  of  Typhlo- 
triton. 

Bock  Jfouati  Cavf.        liock  llounr  Cave.         Marble  Cave, 
mm.  mm.  mm. 

Specimen  (length)  54       78       88 

Si»e  of  pupil 432 640 

Length  of  eye 1.30  IJW 1.60 

From  optic  nerve  to  front  of  lens .80  1.20 

Vertical  diameter 1.248 1.28 

'Contributions  from  the  Zoological  Laboratory  of  the  In«iiana  University,  No.  31. 
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An  adult  aud  a  larva  taken  from  Marble  Cave  were  sectioued  iu  the 
usual  manner.  The  lens  and  iris  in  both  were  normal.  The  only  differ- 
ence in  the  histological  structure  of  the  eye,  when  compared  with  the 
normal  salamander  (Amblystoma  jeffersonianum),  is  found  in  the  retina. 

In  the  larvae  all  the  laj-ers  of  the  retina  are  well  developed.  The 
ganglionic  layer  is  much  thicker  than  that  of  the  Amblystoma,  having 
many  rows  of  cells  instead  of  one  or  two.  All  the  other  layers  are  nor- 
mally present,  the  rod  and  cone  layer  being  well  developed.  The  retina 
in  the  larva  is  much  thicker  than  in  the  adult.  In  the  adult  the  rods 
and  cones  have  disappeared,  there  being  only  an  occasional  process  from 
the  outer  nuclei. 

In  all  the  sections  thus  far  studied  we  have  been  unable  to  detect 
the  slightest  indication  of  an  outer  molecular  layer  in  the  adult  while 
in  the  lai-va  this  layer  is  normallj'  developed.  The  ganglionic  layer  is 
thicker  in  the  larva  than  in  the  adult.  In  this  respect  tlie  adult  ap- 
proaches the  normal  more  than  the  larva  does.  The  Miillerian  fibres  are 
profusely  present  in  both  larva  and  adult. 

SUMMARY. 

1.  The  larval  retina  approaches  the  normal  (Amblystoma)  more  than 
the  adult.  The  only  apparent  difference  is  a  thickening  of  the  ganglionic 
layer. 

2.  Tlie  retina  is  tliicker  in  larva  than  in  adult. 

3.  All  the  layers  are  present  in  the  retina  of  the  larva,  while  in  the 
adult  the  rods  and  cones  and  the  outer  molecular  layer  have  not  been 
made  out;  the  inner  molecular  layer  is  thinner. 

4.  The  ganglionic  layer  is  thicker  in  larvae  than  in  adult. 


The  Blind  Rat  of  Mammoth  Cave.*     By  Carl  H,  Ekjknmann  and 

James  Rollin  Slonakkr. 

Habits  and  Uabitat,  by  Cabl  H.  Eigknmann.    No.  32. 

In  his  origin  of  species,  sixth  edition,  Vol.  I,  page  171,  Darwin  says 

that  the  eyes  of  Neotoma  of  Mammoth  Cave  are  **lustrous  and  of  large 

size;  and  these  animals,  as  I  am  informed  by  Prof.  Silliman,  after  having 

been  exposed  for  about  a  month  to  a  graduated  light,  ac^iuired  a  dim  per- 


*■  Contribution  from  the  ZoologicHl  Laboratory  of  the  Indiana  University. 
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certfon  of  objfcts."'  nii-  fave  mr,  Neotanm,  is  still  abundant  In  Mammoth 
Cnve.  It  is  fouiiJ  in  tlie  rotnnfla  near  tli<?  entrance  of  the  cave  and  in  the 
more  distant  parts  of  tlie  cave.  Its  trucks  are  uumerous,  and  la  places 
little  paths  liave  been  made  by  tbe  rats  where  they  run  backward  and 
forward  iiIouk  lcdj;i's  of.rork.  Since,  however,  a  track  once  maile  in  a 
cave  remains  uneliauRPd  113-  wind  or  weather,  the  abundance  of  rats,  as 
Judged  by  their  tracks,  may  lie  misleading.  A  number  of  traps  were  set 
In  the  rotunda.  During  three  days  one  trap  was  sprung  and  oue  had  tbe 
bait  removed.  No  rats  were  caught  In  tlie  traps  and  none  were  caught 
alive.  I  disroveri'd  one  int  rolling  a  mouse  trap  about  which  was  bio 
small  for  it  to  entci',     W'lmii  upproin-ln'il  with  n  Unlit  tii^  rat  turned  about 


^ 

^^? 

and  Ntare<l  at  the  light.  It  then  ran  to  a  pile  of  rocks  but  did  not  at- 
tempt to  hide;  instead  the  rat  run  to  one  end  of  the  pile,  then  along  the 
top  back  to  where  1  stotxl.  when  It  stoppeil  anil  again  stared  at  the  light. 
An  attonipt  to  oalcli  the  rat  scut  It  runniue  back  and  forth  along  the 
ledges  of  rock  at  the  side  of  the  cave.  Finally  the  rat  came  to  the  ground 
again,  and  ilespalring  of  I'atching  It  iilivc  it  wiik  kllleil.  Its  eyes  appeared 
to  be  large  and  pi-otrudlng  very  much  as  in  the  common  rat.  Without 
question  the  rat  noticed  the  light.  It  had  no  hesitation  in  running  from 
place  to  place.  The  manager  of  the  Mammoth  Cave  Hotel,  Mr.  H.  C. 
Oanter.  later  caught  four  rats  which  he  sent  by  e.tpress.  Only  one  arrived 
alive;  one  had  been  partly  eaten  by  the  olliprs.  The  living  one  Is  now 
cogHl.  It  is  Qulle  gentle.  It  peruiils  itself  to  he  stroked.  Occasionally 
It  pushes  an  object  away  with  a  sideward  motion  of  the  fore  foot     If 
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provoked  it  snaps  at  the  object.  During  the  daylight  it  sits  quietly  in  a 
nest  it  has  formed  for  itself  of  cotton  batting,  which  it  pulled  into  a 
fluffy  mass.  At  night  it  is  frequently  moving  about  in  its  cage.  Turning 
on  an  electric  light  near  its  face  always  produces  a  twitching  of  the  eye- 
lids; so  there  can  be  no  doubt  that  the  light  is  perceiveil.  An  object  held 
some  distance  from  the  cage  either  on  one  side  or  another  is  always  per- 
ceived, but  just  how  precise  its  vision  is  has  not  been  determined.  Its 
hearing  is  acute. 

The  Etk.    By  J.  R.  Slonakrk. 

As  far  as  I  have  been  able  to  ascertain,  little  or  no  microscopical 
investigation  has  been  made  on  the  eye  of  the  ^lammoth  Cave  rat. 

A  glance  at  a  photograph  of  a  cave  rat  (Fig.  1)  shows  that  tlie  eye  is 
as  prominent  as  in  the  common  gray  rat  (Fig.  2). 


Fig.  3.    Mammoth  Cave  Rat  (X  8). 


If  the  elements  of  the  retina  have  the  same  function  in  the  cave  rat 
as  in  other  rats,  we  may  approach  closely  to  their  power  of  sight  under 
favorable  conditions,  by  comparing  their  retina  with  that  of  those  living 
In  the  light.  For  such  a  preliminary  comparison  I  have  chosen  the  nearest 
allied  form  which  I  could  readily  get,  the  common  gray  rat  (Mus  de- 
cumanus). 
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Tin;  eye  of  the  cave  rat  Is,  if  anytlilng,  larger  in  proportion  lo  its  body 
weight  than  that  of  our  gray  rat  (Pigs.  3  and  i).  The  lens  Is  Id  eat-L  mm 
euormouBly  lurge  in  proportion  to  the  eye,  so  large,  In  fact,  that  very  Uttlu 
spat-e  In  left  for  tlie  ixjiieous  and  vitreous  humors.  The  pupil  Is  capable 
of  very  wlile  dilation,  ns  is  true  with  most  DocturnaJ  animals. 


The  head  of  the  cave  rat,  being  more  rounded  and  less  pointed  than 
that  of  the  gray  rat,  permits  of  a  slightly  deeper  eye-socket  However, 
these  two  rats  reaembte  each  other  in  their  "pop-eyed"  appearance  when 
frightened. 

A  microscopical  comparison  of  the  retina  also  shows  little  difference. 
Bite  of  retina  from  corresponding  parts  of  the  eye  of  a  cave  rat  and  a 
gray  rat  were  hardened  by  the  same  process,  sectioned  the  same  thickness 
and  stained  alike,  so  that  the  sections  are  directly  comparable.  FIr.  S 
repruHentii  semi -diagram  in  a  tic  camera  drawings  of  two  such  sections. 
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At  a  glance  one  can  see  that  there  in  veiy  little  difference  exceptlii 
lu  the  thickness  of  the  retina,  that  of  the  cave  rat  being  thicker.  Tb 
difference  lion  ever  may  be  due  to  tbe  fact  that  EMg.  5a,  is  from  a  v« 
large  <.a\e  rat  while  Fig  Sb  is  from  a  half-grown  graj  rat.  Tbe  tblcl 
ness  llone^er   bears  about  the  same  ratio  to  the  size  of  the  eye  In  eac 


.  NgrrsCallLarar. 
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case.  This  greater  tblckneSB  Is  largely  due  to  an  Increase  in  the  size  ( 
the  cells  of  corresponding  layers  of  the  retina  In  the  cave  rat  Only 
single  Inatance  need  be  given.  Tbe  rod  and  cone  layer  of  the  cave  rat 
composed  of  decidedly  longer  and  larger  elements  than  the  same  lay* 
of  tbe  common  rat  But  with  the  exceptloDS  of  these  minor  dlfferenct 
In  tbe  thickness  of  the  layers  and  in  tbe  siie  of  the  cells,  the  two  retins 
are  nearly  alike. 

Basing  our  conclusions  on  the  histological  atmcture  of  the  eye,  v 
may  Infer  that  the  cave  rat  has  tbe  power  of  seeing  as  distinctly  as  tl 
common  gray  rat 

IT— Soiiioi. 
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A  Nematoid  Worm  is  an  Ego.    By  Daniel  J.  Tboyer. 


The  Geologic  Relations  of  Some  St.  Louis  Group  Caves  and  Sinkholes. 

By  M.  N.  Elrod,  M.  D. 

Before  discussing  the  geologic  relations  of  the  caves,  sinkholes  and 
subterranean  channels  of  St.  lioufs  limestone  to  each  other  and  to  the 
strata  in  which  tiioy  occur,  it  will  be  ne<'essary  to  define  the  limits  of  that 
formation  in  Indiana.  The  Warsaw  bed,  as  exposed  at  Spergen  Hill  and 
elsewhere,  is  recognized  as  the  equivalent  of  the  Bedford  oSlitic  limestone, 
and  the  lowest  member  of  the  St.  Louis.  The  fossils  found  in  It  are 
abundant  and  cliaracteristlc,  and  its  lithologic  peculiarities  obvious.  But 
the  upper  limits  of  tlie  group  are  not  so  well  settled.  When  Prof.  James 
Hall  first  fully  delineil  the  Kaskaskia  group,  as  seen  on  tJie  banks  of 
the  Mississippi  River,  he  included  as  its  lowest  member  a  stratum  of 
sandstone.  In  Indiana  the  tirst  sandstone  stratum  above  tlie  St  Ix)uis  has 
been  recognized  as  forming  a  part,  at  least  of  the  Kaskaskia  group,  but 
not  always  as  its  lowest  limit  The  classification  of  Prof.  Hall*  was  first 
applied  to  the  ge<^logic  formations  of  Indiana  by  ex-State  Geologist  E.  T. 
Cox.  in  1872,  in  a  report  on  the  geology  of  Perry  County,!  in  which  he 
made  the  first  sandstone  above  the  St.  Louis  the  base  of  the  Kaskaskia 
group,  and  by  the  law  of  priority,  his  identification  should  be  recognized 
unless  there  is  sufficient  reason  for  a  change.  Since  that  time  the  divid- 
ing line  has  been  placed  at  a  lower  level;  one  observer  finding  it  at  a 
small  coal  seam  in  the  limestone  strata ;t  others^  at  the  top  of  the  upper 
fossiliferous  chert  member  of  the  St  Ix^uls;^  and  others  have  included 
with  the  Kaskaskia  extensive  strata  of  limestone  under  the  sandstone, 
without  indicating  by  a  section  or  otherwise  where  the  one  terminated 
and  the  other  began. ji  Much  of  this  confusion  has  grown  out  of  an  effort 
to  limit  the  upper  St.  Louis  group  to  such  strata  only  as  contain  Litho- 
strotion  catiadi'usr  Castelnau  and  L.  proliferum  Hall,  characteristic  fossils 


*  Hall's  Gool.  of  Iowa,  pt.  1,  p.  109, 1858. 

t  Geol.  Sur.  Ind.,  1872,  pp.  76, 77. 

J  Geol.  Sur.  Ind.,  1873,  p.  365 ;  1878,  pp.  31:5. 425. 

•I  Geo!.  Sur.  Ind..  1875,  pp.  207, 216. 

J5  Geol.  Sur.  Ind.  1895,  pp.  231,  232 ;  1896,  p.  300. 
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of  the  undisputed  St.  Louis  formatious.  But  if  this  palseontologic  test  is 
to  be  applied  to  the  upper  strata  it  is  hard  to  understand  how  the  Bed- 
ford o51itie  can  be  retained  as  a  member,  as  these  fossils  are  not  found 
in  it 

At  the  top  of  the  sinkhole  division  of  the  St  Lfouis  in  Lawrence, 
Orange  and  Washington  Counties,  and  doubtless  in  Harrison  County, 
there  is  a  constant  stratum  of  chert  from  ten  to  twenty  inches  thick. 
Above  this  chert  other  thin  flinty  layers  may  be  found,  but  so  far  as 
known,  they  are  not  fossiliferous.  The  heavy  chert  may  be  seen  in  place  at 
Paoll  in  the  north  bank  of  Lick  Creek,  at  the  Wesley  Chapel  Gulf,  and 
on  Lost  River  near  Orangeville.  Because  of  its  frequent  occurrence  on 
that  stream  is  is  suggested  that  it  be  named  the  Lost  River  chert  It  is  gen- 
erally highly  fossiliferous,  very  rich  in  bryozoans  and  occasionally  oolitic. 
Above,  and  conformable  with  it,  there  is  found  from  sixty  to  ninety  feet 
of  massive,  close-textured  limestone,  slightly  broken  at  the  top  by  beds 
of  calcareous  shale,  and  near  the  middle  by  included  chert  nodules;  gen- 
erally the  ground  mass  is  lithographic.  This  stratum  includes'  all  the 
rocks  found  below  the  first  Kaskaskia  sandstone  and  above  the  Lost  River 
chert  and  as  it  is  well  exposed  at  that  place  it  is  proposed  that  it  be 
known  as  the  Paoli  limestone.  On  palaeontologic  grounds,  which  cannot 
be  presented  in  full  here,  the  Paoli  limestone  is  assigned  to  the  St.  Louis 
group.  The  fossils  that  occur  in  it  at  many  places  in  abundance,  are  of 
the  same  species  as  the  more  common  forms  found  at  Spergen  Hill.  The 
chemical  composition  and  general  appearance  is  such  as  to  clearly  show 
that  it  is  a  repetition  of  the  strata  exposed  below  it  Its  lithologic  char- 
acteristics are  obvious,  and  the  residual  clay  resulting  from  its  dlsintegra- 
tion  presents  the  same  physical  appearance  as  the  red,  plastic  and  im- 
pervious clay  of  the  undoubted  St  I^ouis  formations. 

Mr.  C.  E.  Siebenthal  has  proposed  the  name  Mitchell  limestone  for  "A 
series  of  impure  limestones,  calcareous  shales  and  fossiliferous  lime- 
stones'* overlying  the  Bedford  oOlitic  limestone,  and  says:  "The  topo- 
graphic tendency  of  the  Mitchell  limestone  expresses  itself  in  plateaus  per- 
forated at  short  intervals  by  sinkholes.''*  As  he  does  not  define  the  upper 
limits  of  his  "Mitchell  limestone"  it  is  suggested  that  his  definition  be 
amended  to  include  all  the  St  Louis  limestone  below  the  Lost  River  chert 
and  above  the  Bedford  o51itic.     Its  upper  and  middle  strata  are  largely 


Oeol.  Sur.  Ind.,  1896,  pp.  298, 299. 
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lithographic,  and  quite  often  include  chert  nodules  and  plates.  The  upper 
members  are  the  e(iuivaleut  of  the  true  "Cavernous  limestone/*  and  the 
"Barrens."  In  the  lower  portion  sinks  are  not  so  common,  and  the  strata 
bec*ome  argillaceous  and  in  many  places  hydraulic. 

A  section  through  Oninge  and  Washington  counties  will  show  the 
following  succession  of  formations: 

Kaskaskia,  snndstoiu* — 

St.  I>ouis.  Ft. 
Paoli  limestone,    calcareous    shale    and    lithographic    lime- 
stone        90 

Lost  River  chert,   fossiliferous 1 

Mitchell  limesione.  lithographic  limestone  and  calcareous 
shale  with  chert  imlusions.  the  lower  portion  argillaceous 

and    hydraulic 160 

Bedford  oolitic  limestone -Warsaw 60 

Keokuk. 

Total    311 

The  caves  of  the  impure,  lower  Mitchell  limestone  stratum  are  pecu- 
liar in  that  they  are  only  incidentally  connected  with  surface  sinks,  and 
generally  have  streams  of  water  flowing  from  the  external  opening.  The 
mouth  is  usually  found  above  the  oolitic  limestone  in  the  side  hill  of  a 
deep  valley.  The  interior  shows  the  erosive  effects  of  running  water,  the 
passage  diminishes  in  size  as  it  recedes  from  the  mouth,  and  its  side 
branches  are  low,  narrow  reproductions  of  the  main  cave.  To  this  class 
belong  Donnehue's.  Ilamer's  and  Donnelson's  caves  in  I^wrence  County, 
Clifty  and  some  of  the  caves  near  Beck's  Mill,  .Washington  County,  and 
nearly  all  those  found  elsewhere  near  the  eastern  limits  of  tlie  St.  Louis 
group. 

Where  the  clay  shales  and  argillaceous  limestones  arc  the  surface 
rocks  the  country  is  very  much  broken  by  valleys  that  are  quite  different 
from  the  circular  and  oval  depressions  of  the  sinkhole  region  proper. 
Sinks  are  not  wholly  absent,  but  they  are  not  characteristic.  At  many 
places  the  landscape  is  further  modified,  an<i  the  rock  exposure  obscured 
by  a  mantle  of  Ix)ess  clay  that  is  continuous  from  East  White  River, 
nor  til  of  Mitchell,  over  the  oolitic  and  eastern  argillaceous  limestone  area 
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to  Salem,  and  on  the  east  side  of  Harrison  County.  West  of  the  Lfoess 
belt  the  lower  Mitchell  limestone  is  still  the  surface  stone.  Springs  are 
not  infrequent,  and  their  waters  combine  to  form  small  creeks  that  flow 
over  the  exposed  edges  of  the  strata  until  they  reach  the  upper  drainage 
level  of  the  sinkhole  area. 

Small  caves  are  common  over  the  true  cavernous  limestone  area  and 
clearly  show  their  connection  with  one  or  more  sinkholes.  The  best 
known,  and  perhaps  tlie  largest,  example  of  this  class  of  caves  in  Orange 
County  is  found  three  miles  west  of  Orleans,  on  the  Peacher  farm.  Here 
the  roof  of  the  original  cave  has  fallen  at  some  period  in  the  past  and 
made  two  caves  of  what  was  once  but  one.  The  mouth  of  the  west  cave 
is  large  and  opens  into  a  wide  room  that  terminates  at  the  other  end  in 
a  small  but  characteristic  sinkhole.  The  outer  roof  of  tlie  east  cave  is 
low,  and  it  can  only  be  entered  by  crawling  for  quite  a  distance.  Once 
inside,  the  explorer  finds  a  capacious  passajro  in  which  tlie  sides  l>elow 
the  middle  converge  to  a  narrow  channel.  The  walls  are  covered  with 
mud.  and  after  a  heavy  rain  botli  caves  are  filled  witli  muddy  water.  Such 
so-called  caves  are  a  part  of  the  underground  drainage  system  of  the 
country,  and  are  peculiar  in  that  they  are  near  muddy  passages,  devoid 
of  stalactites  or  otlier  features  tliat  make  caves  so  interesting  to  most 
persons.  If  it  is  kept  in  mind  that  sinkholes  proper  are  circular  basins, 
whose  sides  form  a  gradual  slope  from  the  rim  to  the  bottom,  they  will 
be  readily  distinguished  from  another  class  where  one  or  more  of  the 
sides  is  a  precipitous  wall  o^  rock.  The  first  are  doubtless  due  to  the 
slow  chemical  and  mechanical  forces  that  have  tunneled  the  subterranean 
channel,  the  latter  to  the  collapse  of  the  roof  of  a  vast  cavernous  opening 
whose  arch  had  become  weakened  by  a  vertical  fissure.  At  places  there 
is  evidence  that  the  roof  of  the  cave  has  fallen  as  much  as  ninety  feet. 
This  class  of  depressions  impart  to  the  land-cape  a  peculiar,  rugge<l, 
broken  asi>ect,  and  Impress  the  beliolder  with  a  feeling  that  old  earth 
maj'  at  any  moment  slip  from  under  his  feet.  Occasionally,  at  each  end 
of  the  fallen  mass,  an  opening  may  be  found  to  the  cave  below.  But 
usually  the  openings  are  small  and  do  not  appear  to  be  anything  more 
than  woodchuck  holes,  until  some  winter  morning  the  moist  air  of  the 
cave,  as  it  rushes  out,  is  touched,  as  if  by  fairy  fingers,  and  the  shrubbery 
growing  near  hung  with  festoons  of  hoar  frost.  The  angular  depreesions 
are  found  west  of  the  small  circular  basins,  and  near  the  foot  of  the 
Kaskaskia  group  sandstone  hills.    Great  blocks  of  Lost  River  chert  cum- 
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ber  the  ground  in  marked  contrast  to  the  smaller  fragments  of  the  eastern 
margin  of  the  typical  sinkhole  limits.  It  is  possible  that  some  of  the  cir- 
cular depressions  may  have  been  exposed  by  the  roof  of  a  cave  falling, 
but  if  such  was  the  case  there  is  no  evidence  of  it  left  The  roof  must 
have  l)een  composed  of  limestone  as  their  rims  are  several  feet  below  the 
geologic  horizon  of  the  Lost  River  chert  If  limestone  fragments  of  the 
roof  were  ever  present  they  have  disappeared;  and  the  more  probable 
theory  seems  to  be  that  the  depression  is  the  result  of  erosive  forces  act- 
ing equally  upon  all  the  sides.  The  rocks  exposed  in  place  where  the 
sinkholes  are  common  in  Lawrence,  Orange,  Washington  and  Harrison 
counties  are  always  members  of  the  upper  or  middle  portion  of  the  Mitch- 
ell limestone,  and  the  angular  chert  masses  and  fragments  scattered 
over  the  surface  and  mixed  with  the  red  residual  clay  come  from  the  same 
strata  or  from  the  Lost  River  chert  stratum. 

The  sinkhole  area,  as  a  rule,  has  no  surface  creeks  and  branches,  and 
such  as  reach  its  limits  from  without  soon  liud  an  opening  and  disappear 
wholly  or  in  part,  except  Blue  River  and  Buck  Creek.  Occasionally  the 
creek  or  branch  is  replaced  by  a  dry-bed  channel.  The  dry-beds  only 
come  into  use  after  heavy  rains  or  when  the  subterranean  passages  are 
burdened  beyond  their  capacity.  I^st  River  through  a  part  of  its  surface 
course  is  a  typical  dry  bed.  When  it  reaches  the  eastern  edge  of  the  sink- 
hole region  it  finds  a  number  of  underground  channels  that  take  in  all 
the  water  of  the  perennial  stream  east  of  the  Orleans  and  Paoli  road. 
If  the  first  oi>enings  are  overtaxed,  the  overplus  of  water  passes  tlirough 
a  di*y-bed  channel  farther  west  into  other  sinks,  but  after  an  excessive 
i*ainfall  all  the  sinks  fall,  and  water  runs  on  tlie  surface  through  the 
whole  extent  of  the  dry-bed  system  and  again  becomes  a  part  of  the  per- 
ennial stream  a  short  distance  below  the  Orangeville  "rise."  Indian  Creek 
for  a  part  of  the  year  runs  underground,  but  unlike  Lost  River,  the 
greater  part  of  its  water  passes  over  a  surface  channel  and  a  dry  bed  Is 
only  exposed  during  the  summer  months.  It  sinks  two  miles  southwest 
of  Corydon  and  "rises"  again  five  below  on  an  air  line,  and  twice  that 
distance  following  the  meanderings  of  the  creek  bed.  There  is  ample 
evidence  that  liOst  River,  like  Indian  Creek,  at  some  period  in  the  past 
was  wholly,  or  for  the  greater  part  of  the  year,  a  surface  stream  over  its 
(Iry-lMid  channel. 

Contrary  to  what  might  be  expected,  the  subterranean  channels  do  not 
greatly  increase  in  capacity  as  they  unite  and  pass  under  the  KliskasKin 
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Hill8.  This  is  shown  four  miles  west  of  Orleans  at  what  is  called  the 
"wet-weather  rise"  of  the  dry-bed.  Here  water  flows  out  as  It  is  flowing 
into  the  upper  sinks,  hence  water  may  be  flowing  through  two  miles  of 
the  upper  and  lower  course  of  the  dry  bed  and  not  through  the  middle 
channel.  As  soon  as  the  flood-water  begins  to  recede  ai  the  **wet-weather 
rise"  the  direction  of  the  flow  changes,  and,  instead  of  running  out,  flows 
l)aok  into  the  opening  from  which  it  came.  At  times  the  wliole  under- 
ground system  of  channels  is  overtaxed  and  the  water  finds  an  outlet  at 
many  places,  and  occasionally  through  artificial  openings,  such  as  the  well 
at  Brookstown  and  another  east  of  Orleans. 

The  underground  channel  of  Lost  River  can  be  reached  Jit  three  places 
through  cavernous  openings.  At  the  first  of  these,  near  the  first  sinks, 
the  superincumbent  limestone  is  about  forty  feet  thick;  at  the  second 
opening  the  channel  is  not  less  than  sixty  feet  below  the  Lost  River  chert; 
at  Wesley  Chapel  Gulf  it  is  thirty  feet  l>elow  the  chert  stratum,  and  the 
same  at  Orangeville.  This  indicates  that  the  subterranean  channel  closely 
follows  the  dip  of  the  strata  to  the  west. 

(^)mparatively  speaking,  sinkholes  are  rarely  seen  in  the  Upper  Paoli 
limestone,  and  when  they  do  o<»cur  are  rough,  angular  oi>enings  in  the  lime- 
stone, of  limited  area.  They  are  not  an  important  feature  in  the  surface 
drainage  of  the  country,  except  In  the  valleys  when  located  near  the  level 
of  tlie  Lost  River  chert 

The  tendency  of  the  subterranean  channels  to  unite  and  diminish  in 
capacity  gives  rise  to  a  number  of  remarkable  artesian  springs  that  burst 
forth  in  great  volume  near  the  western  limits  of  the  Mitchell  limestone 
exposure.  The  mouth  of  these  springs  seems  to  open  into  a  vertical  tunnel 
in  the  rock,  and  is  always  full  of  water  that  ordinarily  flows  gently  away 
at  one  side.  The  deep  blue  of  their  water  has  given  rise  to  the  report  that 
they  are  without  bottom.  After  a  heavy  rain  the  volume  of  water  dis- 
charged is  very  greatly  increased  and  shows  the  effect  of  increased  pres- 
sure. They  are  very  unlike  the  wet-cave  springs  seen  on  the  eastern 
limits  of  the  St.  Louis  group  limestone.  The  Orangeville  and  Sliirley 
"rises"  of  Lost  River  and  the  Spring  Mill  head  of  Lick  Creek  are  examples 
in  Orange  Coimty.  Those  near  Hardlnsburg,  Washlngtcm  County,  and 
the  Harrison  Spring  and  Blue  Spouter,  in  Harrison  County,  are  others  of 
note. 

Wyandotte  and  Marengo  Caves  l)elong  to  a  class  of  caverns  noted  for 
their  extent  and  great  beauty.  They  do  not  seem  to  occupy  a  much  hipjher 
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place  lu  the  St  Louis  series  of  rocks  than  the  sinkhole  channels,  but  un- 
like them  they  are  never  inundated  with  floods  of  muddy  water.  Their 
exemption  from  overflows  is  due  to  the  fact  that  the  water-bearing  chan- 
nels terminate  as  artesian  springs  soon  after  they  pass  bej'ond  the  sink- 
hole plateau  and  under  the  Paoli  limestone  and  foothills  of  the  Kaskaskla 
sandstone.  The  artesian  springs  are  found  east  of  the  Crawford  County 
caves,  and,  if  this  was  not  the  case,  the  deep  valley  of  Blue  River  as  it 
runs  south  on  the  eastern  boundary  of  the  county,  would  terminate  the 
westward  trend  of  the  underground  drainage  system  of  Harrison  County. 
The  entrance  to  the  Wyandotte  cave  is  150  feet  above  Blue  River;  and 
none  of  the  cave  entrances  of  this  class  are  below  or  on  a  level  with  the 
creeks  of  the  surrounding  country,  as  they  are  where  sinkholes  arc  com- 
mon. Where  the  Mitchell  limestone  is  well  protected  by  the  overlying 
Paoli  limestone  and  Kaskaskia  strata,  caves  of  any  kind  are  rare,  but 
when  they  do  occur  they  are  very  interesting  and  should  be  thoroughly 
explored. 

In  Missouri,  it  is  said  that  when  the  coal  measures  strata  rest  immedi- 
ately on  the  St.  Tx)uis  limestone,  deep  borings  pass  through  cavernous 
openings,*  which  is  explained  by  the  theory  that  the  St.  Louis  was  for  a 
time  dry  land  and  more  or  less  tunneled  before  the  coal  strata  were  depos- 
ited.! There  is  very  little  data  to  show  that  the  Indiana  St.  IjOuIs  is  cav- 
ernous for  any  great  distance  beyond  the  surface  sinks.  As  the  sinks  are 
only  common  where  the  Paoli  limestone  has  been  removed  it  is  reasonable 
to  suppose  they  do  not  occur  under  other  conditions,  and  this  view  is  con- 
^rmed  by  what  has  before  been  stated.  Two  deep  wells  have  been  drilled 
at  Paoli  and  no  caverns  noted.  At  Orleans,  in  one  out  of  three  wells,  the 
drill  passed  through  a  cave  at  one  liundre<l  feet  below  the  surface;  but  the 
latter  town  is  located  on  the  cavernous  limestone  and  the  former  is  not. 

In  comparing  the  caves  of  Indiana  with  those  of  Kentucky  it  is  well 
to  n?meml)er  that  in  the  immediate  vicinity  of  Mammoth  Cave,  according 
to  competent  authority,  the  Kaskaskia  group  strata  are  wanting,  and  the 
capping  stone  of  the  St.  Louis  is  one  of  the  sandstone  members  of  the 
low(»r  coal  measures.  Some  of  tlie  Kentucky  caves  are  said  to  reach  up 
to  the  sandstone,  but  If  the  same  Is  true  of  the  Indiana  caves  the  fact  has 
not  Ikh'u  note<l,  nor  is  It  probable  that  such  will  be  found  to  be  the  case. 

•Keyes'  Mu.iieol  Sur.  XI,  p.  2;".2. 
t  Kcyes*  Mo.  (Jeol.  Sur.  IV,  p.  73, 
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Tlio  cliciulc  composition  gives  a  hint  as  to  tlie  origin  of  tlie  St.  Louis 
r;iv(»s,  and  bears  out  the  conclusions  li(»ro  presented.  Prof.  John  U. 
Proctor  says*  that  in  the  vicinity  of  Mammoth  Cave  the  suhcarboniferous 
limestone  is  **a  massive,  remarkably  homogeneous  rock  with  no  interven- 
ing strata  of  shale  or  sandstone,  conditions  most  favorable  for  the  forma- 
tion of  caverns."  In  the  main  his  statement  Is  true  of  tlie  equivalent 
strata  in  Indiana,  but  does  not  take  into  consideration  certain  beds  of 
limestone  that  weather  to  a  calcareous  shale  or  the  variable  chemical 
structure  of  the  Indiana  stone,  both  important  elements  in  studying  the 
relations  of  the  strata  to  the  caves  they  bear.  Probably  more  to  the  point 
is  the  statement  of  Pix)f.  W.  H.  Wheeler,t  who,  in  writing  of  the  topog- 
raphy of  St  Louis  County,  Missouri,  says:  "The  limestones  of  the  St. 
Ix>uis  area  are  very  hard,  tough,  and  resist  mechanical  disintegration,  but 
on  account  of  the  prevalent  purity,  they  are  very  susceptible  to  chemical 
dissolution."  **If  the  upi>er  portion  of  the  limestone  is  impure,  and  es- 
IKH'ially  if  high  in  magnesia.  It  is  much  more  resistent  to  chemical  dissolu- 
tion, and  the  sinkhole  method  of  drainage  is  frequently  absent.  In  this 
case  the  drainage  is  by  surface  channels,  which  are  abrupt  and  irregular 
and  vary  sharply  from  gentle  to  heavy  slopes."  But,  while  it  is  conceded 
that  homogeneity  and  purity  largely  determine  whether  the  dissolution  is 
chemical  or  mechanical,  they  do  not  appear  to  fulfill  all  the  required  con- 
ditions. The  Bedford  oolitic  and  Paoli  limestones,  by  chemical  analyses, 
are  shown  to  be  from  95  to  98  per  cent,  calcium  carbonate,  and  the  Mitch- 
ell hmestone  less  rich  in  lime  by  10  per  cent,  yet  the  first  two  fonua- 
tions  have  but  few  caves,  while  the  last  Is  undermined  with  cavernous 
openings.  That  the  surface  exposure  of  the  Mitchell  limestone  contributes 
greatly  to  its  disintegration  has  already  been  mentioned,  but  this  does 
not  explain  its  inherent  susceptibility  to  chemical  dissolution.  If  the 
number  of  analyses  of  the  St  Louis  limestones  al)ove  the  Bedford  oolitic 
are  not  near  so  many  as  one  would  wish,  those  which  are  available  seem 
to  be  suggestive.  Dr.  G.  M.  Levette,  under  direction  of  Prof.  E.  T.  Cox, 
made  a  number  of  analyses  of  hydraulic  cement  rock  from  the  lower  Mitch- 
ell limestone  strata  of  Harrison  County,  and  as  equivalent  beds  of  ce- 
ment rock  are  found  at  Becks  Mill,  Clifty,  and  many  other  places,  one 
of  them  is  here  given.* 


*The  Century  MaffatiDe,  March,  1898,  p.  643. 
t  Keyes'  Mo.  Qeol.  Sar.  XI,  p.  249. 
*^  Oeol.  Sur.  Ind.,  1878,  p.  75. 
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No.  1.  -Ct'dar  (irov«»  roiiit'iit  i*o<*k. 

AVater  exi>elled  at  212^   F 1.<H» 

Insoluble    silica tos 27.70 

Soluble  silica 1<» 

Ferric  oxide  and  nluuiina 4.00 

Lime    35.00 

Magnesia   trace 

Carbonic    acid 27.50 

Sulphuric  acid trace 

Organic*  matter.  nnd«'tcnuine<l  and  1  »ss 4.70 

100.00 

The  following  analyseet  were  made  by  Mr.  G.  A.  Kerr  for  this  paper: 
No.  II.— Bluish-gray,  hard  limestone  with  chert  inclusions:  two  miles 

east  of  Orleans  on  the  liivonia  road.    Below  the  Lost  River  chert    Specific 

gravity,  2.68. 

Insoluble    silica 10.670 

Iron   0.304 

Magnesia   461 

Alumina  3.210 

Calcium     carbonate 84.920 

Undetermined   435 


100.000 


No.  III.— Gray,  weathered,  friable  limestx)ne,  from  the  surface  of  a 
bluish-gray,  lithographic  limestone,  one  mile  west  of  Union  Church  and 
three  miles  southwest  of  Orleans.  Below  the  Lost  River  chert  Specific 
gravity,  2.44. 

Silica,  insoluble 5.580 

Iron   • 0.267 

Magnesia   0.284 

Alumina   3.010 

Calcium  carbonate 89.904 

Undetermined 965 

100.000 


tThftDlis  are  due  Mr.  G.  A.  Kerr,  chemist  to  the  W.  W.  Mooney  &  Son's  taon«rj  com- 
pany, Columbufi,  Indiana,  for  kindly  making  analyneM  Nos.  2, 3  and  4  at  my  reqneet. 
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No.  IV.— Drab,  fine-grained  litlu>Ki'«l>liic^  liuiestono.  Wesley  c'liai>i'l 
Gulf,  three  miles  east  of  Orangevillo.  Fifty  feet  above  tlie  Lost  River  cliort 
near  the  middle  of  the  Paoll  Iim*»stone, 

Silica,  insoluble 1.520 

Iron,  ferric  oxide 278 

Magnesia   712 

Alumina  1.555 

Calcium  carbonnte 05.001 

Water  expelled  at  110»  C (WO 

Undetermined   and   loss 304 


X 


100.000 


One  of  the  first  things  to  be  noted  in  the  Mitchell  limestone  analyses 
is  the  persistent  presence  of  a  much  larger  per  cent,  of  silica  than  is  com- 
mon to  an  otherwise  pure  limestone;  and  it  is  at  least  singular  that  the 
quantity  of  silica  should  Ix*  re<Uued  one-half  in  the  weathered  Hp(M?imen 
from  the  same  horizon.  To  test  whether  the  less  percentage  of  silica  in 
sjHJcimen  No.  3  might  not  be  due  to  a  difference  in  the  chemical  composition 
of  the  un weathered  stone  from  which  it  was  taken,  the  soft,  gray,  broken- 
down  surface  of  No.  2  was  testeil,  and  found  to  contain  but  4.82  per  cent 
of  silica  as  against  the  10.67  per  cent,  of  the  unweathered  mass.  The 
silica  from  all  the  analyses  was  disengaged  as  an  impalpable  powder,  and 
it  is  singular  that  tlie  insoluble  silica  should  be  the  first  one  of  the  salts 
to  disappear  in  the  process  of  dissolution.  Another  fact  of  note  is  the 
constant  presence  of  alumina  and  a  small  quantity  of  magnesia.  Tlie  low 
percentage  of  magnesia  doubtless  explains  why  the  Mitchell  limestones  are 
so  readily  disintegrated  by  carbcm  dioxide  in  solution. 

SUMMARY. 

The  caves  of  the  St.  Louis  group  in  Indiana  may  be  divided  into  three 
classes:  The  wet  caves  of  the  lower  and  more  impure  Mitchell  limestone; 
the  subterranean  channels,  caves  and  sinkholes  of  the  middle  and  upper 
Mitchell  limestone,  and  those  of  the  upper  Mitchell  and  Paoli  limestone. 
And  as  to  origin:  Those  in  which  mechanical  forces  were  dominant;  thos** 
in  which  the  mechanical  and  chemical  action  was  nearly  equal,  and  those 
In  which  chemical  dissolution  was  the  principal  factor. 
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.  R.  Dbykb. 


Jug  Ituuk  in  a.  butiilHiiiiii'  pilliir  forty-fivo  foi-t  lilgli,  cii|>i>eil  with  cod- 
glomerale,  stanrlhi},'  iiluut;  ii]i<>ii  ilii>  Klopc  of  il  I'ldt;?  ur  liliifF  of  Whltu  Biver 
ueftr  Shouls.  Inii.  II  iw  almosti  ('.MU'tly  Himiliu'  In  form  aiid  luaterial  to 
i  111   .Muuiiini'tit  Pnrk,  Cul.     (Pliotugriiphs  and  specimens 


from  both  wore  sliown).  In  Jlouument  Park  tbere  are  a  hundred  similar 
forms:  In  Indiana  but  one.  Thu  most  remarkable  thing  atxiut  Jug  Bock 
is  Its  uniqueness.  How  coniUtions  could  liflv«  been  adequate  to  produce 
one  such  piilur  auit  did  not  pi'oduee  move  tiian  cue  is  a  puzsle.  At  otber 
points  along  White  River,  an  at  "the  Pinnacle"  and  "Pike's  Rest,''  some 
teadency  to  tbo  formation  of  similar  phenomena  is  shown. 
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The  St.  Joseph  and  the  Kakkakee  at  South  Bend,     fiv  Chas.  R.  Dryer. 


The  Meanders  of  the  Mcscatatuck  at  Vernon,  Indiana.     By  Chas.  R. 

Dryer. 

At  Vornoii.  lud.,  tlie  Musoatatuok  Riv»*r  presents  a  remarkable  proiip 
of  meanders.  In  a  eonrse  of  six  miles  it  forms  four  loops,  enclosing:  four 
tonjrues  of  land  which  are  connected  with  the  mainland  by  very  narrow 
necks.  The  distance  in  a  straight  line  from  the  upper  end  of  the  first 
loop  to  the  lower  end  of  the  fourth  is  less  than  a  mile  and  a  half,  and  the 
peri>endlcular  fall  about  fifty  feet.  The  general  level  of  the  upland  on 
both  sides  of  the  valley  is  about  750  feet;  the  level  of  the  river  varies  from 
G30  to  580  feet.  Three  of  the  enclosed  tongues  slope  quite  regularly  from 
neck  to  point.  Tongue  No.  1  is  crossed  at  al)out  its  middle  by  a  twenty- 
f(K)t  terrace.  bt^lDW  wlildi  t\w  surface  is  at  a  uniform  level  of  G55  feet,  cor- 
responding with  the  top  of  the  hard  Niagara  limestone.  The  tip  of  tlie 
point  is  alluvial  <lei>(>sit.  Tongue  No.  2  is  occupied  by  the  town  of  Ver- 
non, and  differs  from  the  rest  in  that  the  surface  slopes  from  a  high  and 
narrow  neck  rapidly  to  the  ♦5(K»-foot  level,  then  rises  in  a  double-peaked 
hill  to  715  feet,  tlicn  slopes  gradually  to  a  broad  point  near  the  G55-foot 
level.  Tongue  No.  3  has  a  neck  only  300  feet  wide  at  the  bottom  and 
about  ninety  feet  high.  The  lx)dy  of  it  is  about  one-fourth  of  a  mile  wide 
and  one  mile  long  with  a  very  uniform  slope.  There  Is  a  slight  terrace 
at  the  (>70-foot  level,  a  decided  flattening  at  650  feet  and  a  rather  broad 
alluvial  tip.  Tongue  No.  4  is  the  smallest  of  the  group  and  has  the  steep- 
est and  most  symmetrical  slope. 

The  channel  of  the  Muscatatuck  is  20(»  to  :i00  feet  wide  and  cut  down 
from  twenty  to  fifty  feet  into  the  Niagara  limestone,  which  forms  bluffs 
of  corrcsi)onding  height  on  both  sides  of  the  stream.  There  is  practically 
no  flo(Kl  plain. 

The  origin  of  those  meanders  is  a  dilficult  problem.  They  are  very 
unliJNC  ordinary  (lood-plain  meanders,  in  which  the  tongues  of  land  are 
lint  and  lint  Utile  al»ov«'  sin'am  icvri.  They  diflTor  also  from  upland  me- 
anders, in  which  not  <»nly  Jlie  <hannel  but  the  whole  valley  winds,  the 
tongues  maintaining  a  uuiftninly  high  It^vel  and  terminating  In  a  Iwld 
hi^dland.     These  are  shown  in  great  iHn*fectiou  by  tlie  Osage  River  of 
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Missouri.  Meauders  with  slopiug  tongues,  form  a  class  by  themselTes. 
and  have  been  nnwt  fully  discussed  by  C.  F.  Marbut  of  the  Missouri  Geo- 
logical Survey.*  He  publishes  maps  of  tlie  meanders  of  the  Grand  and 
Flat  Rivers,  but  none  of  them  are  quite  equal  to  the  Vernon  tangle  of  the 
Muscatatuck. 

Two  hypotheses  have  been  suggested  to  account  for  meanders  which 
are  not  due  to  flood-plain  conditions.  Prof.  W.  M.  Davis  has  suggested! 
that  they  may  be  superimposed  or  inherited  from  a  former  flood-plain  con- 
dition. In  some  previous  period  the  stream  has  reached  base  level  and 
developed  flood-plain  ineanders.  The  basin  has  been  subsequently  ele- 
vatiHl  and  the  stream  in  its  new  cycle  ha,<»  cut  its  old  meanders  straight 
down  into  the  plateau.  This  may  serve  to  explain  meanders  in  which  the 
tongues  are  headlands,  but  evidently  will  not  apply  to  those  of  the  Mus- 
catatuck, which  are  not  cut  straight  down. 

WlnslowJ  thinlis  such  meauders  are  due  to  a  normal  growth  and  de- 
velopment from  an  originally  crooked  consequent  course.  The  germ  of 
the  present  remarkable  loops  existed  in  the  slightly  irregular  surface  of 
the  country  over  which  the  stream  first  began  to  flow.  As  it  corraded  its 
channel  more  deeply  it  cut  away  the  convex  sides  of  its  bends.  It  thus 
became  more  and  more  crooked,  and  by  a  combination  of  vertical  and 
lateral  corrasion,  It  slid  or  sidled  down  the  long  slopes  of  the  tongues. 

The  meanders  of  the  Muscatatuck  seem  to  be  better  accounted  for 
by  development  than  by  inheritance;  but  the  process  has  been  somewhat 
modified  by  peculiar  conditions.  During  the  cutting  of  the  first  seventy 
or  eighty  feet,  lateral  corrasion  was  more  rapid  than  vertical,  and  the 
long  gentle  slopes  of  the  tongues  were  formed.  At  about  the  675-foot 
level  vertical  corrasion,  for  some  reason,  became  more  rapid  and  a  twenty- 
foot  terrace  was  formed.  At  the  655-foot  level  the  stream  came  down 
upon  tlie  hard  and  massive  Niagara  beds,  or  the  corniferous  limestone 
which  thinly  overlies  them.  Vertical  corrasion  seems  to  have  ceased  for 
a  long  period,  during  which  the  stream  slid  laterally  and  planed  off  the 
broad,  flat  points  of  Tongues  No.  1  and  No.  3.  Then  came  a  decided  change, 
probably  an  elevation  of  the  land  and  an  increase  of  the  slope,  which  has 
enabled  the  stream  1o  cut  its  channel  almost  vertically  downward  into 


''Mi-souri  Geological  Survey,  Vol.  X,  p. 98. 
t  Science,  Vol.  22,  p.  276/ 
t  Science,  Vol.  2a,  p.  31. 


the  Niagara  limestone  to  a  depth  of  from  twenty  to  fifty  feet.  The  small 
alhivial  deposits  at  the  tips  of  the  present  tongues  show  that  lateral 
cutting  has  not  entirely  ceased.  The  hill  on  Tongue  No.  2  may  possibly 
be  due  to  a  cut-off  formed  at  about  the  GGO-foot  level.  The  possible  course 
of  the  stream  at  about  the  670-foot  level  need  not  then  have  been  very 
crooked.  Most  of  its  tortuousness  has  been  developed  since  It  struck  the 
Niagara  limestone.  The  nomenclature  of  the  subject  is  somewhat  un- 
settled. The  land  enclosed  by  a  meander  is  called  a  neck,  point  or  tongue. 
I  propose  that  the  word  tongue  alone  be  used  to  designate  that  feature; 
that  the  name  wrcA*  be  reserved  for  the  often  narrow  portion  where  the 
tongue  joins  the  mainland,  and  the  name  point  be  used  only  for  the  tip 
or  extremity  of  the  tongue.  In  cases  where  the  point  is  high,  as  on  the 
Osage  River,  the  term  headland  is  natural  and  descriptive  of  the  whole 
tongue.  For  those  tongues  which  slope  regularly  from  an  elevated  main- 
lajid  or  neck  to  a  low  point  I  propose  the  analogous  term  tailland. 

Talllands  are  probably  not  peculiar  to  the  Muscatatuck.  I  have  ob- 
served good  siiecimens  on  Sand  Creek  at  Brewersville  and  on  Laughery 
Creek  at  Versailles.  The  subject  is  now  broached,  as  far  as  I  am  aware,  for 
the  first  time  in  Indiana  and  would  probably  repay  further  investigation. 


Old  Vernon— a  Geographical  Blunder.     By  Chas.  R.  Dryer. 

The  town  of  Vernon,  the  county  seat  of  Jennings  County,  Indiana, 
was  founded  in  181G  at  the  forks  of  the  Muscatatuck  River,  which  was 
the  head  of  flat-boat  navigation.  It  is  located  upon  a  high,  rocky  tongue 
of  land,  surroun<le<l  by  the  gorge  of  the  river,  except  at  one  point,  w^here 
a  neck  130  feet  high  and  just  wide  enough  at  the  top  for  a  roadway  con- 
nects it  with  the  mainland.  The  area  enclosed  is  about  one-fourth  of  a 
square  mile,  which  is  bounded,  except  at  a  few  points,  by  perpendicular 
bluffs  from  40  to  00  feet  high.  It  rises  at  the  center  In  a  double-peaked 
hill  100  feet  above  the  river.  As  a  site  for  a  medieval  castle  with  a 
cluster  of  cabins  around  it,  designed  primarily  for  defense,  it  is  unrivaled. 
It  is  a  UoositT  Klnvnbivitstein.  As  a  site  for  a  modern  commercial  town 
it  is  a  failure.  In  1850  the  Ohio  &  Mississippi  Railroad  passed  about  two 
miles  north  of  it,  and  the  business  center  was  soon  transferred  to  Its 
station,  North  Vernon.    Other  railroads  have  come  to  North  Vernon  since, 
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but  on  account  of  engineering  difficulties,  only  one  touches  Old  Vernon, 
and,  by  a  long  fill  and  double  bridge  80  feet  high,  crosses  tihe  river  at  the 
forks.  The  population  of  North  Vernon  is  3,000;  of  Old  Vernon,  650.  The 
courthouse  and  jail  seem  to  be  the  only  reason  for  its  existence,  but  its 
quaint  and  picturesque  beauty  give  it  a  charm  which  no  smart  business 
town  can  possess. 


Terraces  of  the  Lower  Wabash.     By  J.  T.  Scovell. 

The  valley  of  the  Wabash,  while  much  like  many  others,  has  some 
peculiarities.  It  was  dug  out  through  the  sand  and  gravel  that  partially 
filled  an  ancient  drainage  channel.  The  old  channel  in  Vigo  Ck)unty  is 
from  four  to  six  miles  wide,  and  at  Terre  Haute  the  bed  of  the  present 
river  is  100  feet  above  the  rock  bed  of  the  old  river.  A  long,  narrow  island 
whose  southern  extremity  extends  a  mile  or  so  into  Vigo  Ck)unty  divided 
the  old  river  into  two  channels.  The  main  channel,  on  the  west  of  the 
island,  now  occupied  by  the  Wabash,  is  about  two  miles  wide.  Near  the 
county  line  it  received  a  tributary  channel  about  one-half  mile  wide,  now 
occupied  by  Brouillet's  Creek.  The  eastern  channel  is  about  a  half  mile 
wide,  and  is  occupied  by  the  lower  course  of  Raccoon  Creek.  Near  the 
county  line  this  channel  received  the  tributary  channel  of  Old  Raccoon 
Creek,  about  a  half  mile  wide.  Thus  the  old  valley  in  Vigo  County  was 
formed  by  the  union  of  four  broad  channels.  The  flood  plains  and  the 
terraces  of  the  present  river  rise  to  different  elevations  above  low  water, 
and  vary  considerably  in  width.  Some  of  these  variations  are  shown  by 
cross  sections  of  the  valley  made  on  different  lines  along  its  course. 

The  first  section  is  along  the  north  line  of  the  county.  The  datum, 
low  water  in  the  river,  is  about  452  feet  above  tide.  The  flood  plains  on 
the  west  rise  from  12  to  20  feet,  a  flood  of  16  to  18  feet  covering  much  the 
greater  part  with  water.  The  second  bottom  rises  about  30  feet  above  low 
water,  and  the  l)ottoms  of  Bronillet's  Creek  are  continuous  with  those  of 
the  river.  Tlie  bluff  on  the  west  rises  abruptly  from  Brouillet's  Creek  to 
an  elevation  of  about  GOO  feet.  On  the  east  a  rise  of  about  50  feet  reaches 
the  edge  of  a  heavy  gravel  terrace,  which  rises  gently  toward  the  east 
reaching  an  elevation  of  520  feet  at  the  foot  of  the  island  bluff  one  mile 
I'nim  the  river.    Tlir«nc*e  a<*n»ss  tlie  islau<l,  whose  higher  points  »Jc  about 
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♦XK)  leet  above  tide,  to  the  terrace  on  the  east  at  an  elevation  of  537  feet, 
about  85  feet  above  low  water  in  the  river.  The  next  section,  about  three 
miles  south,  shows  low  bottoms  on  each  side  of  the  river,  but  no  second 
bottoms.  The  big  terrace  near  the  river  is  perhaps  a  little  higher  than  on 
the  county  line,  but  two  broad  valleys  appear  farther  east  which  greatly 
reduce  its  volume.  The  third  section,  between  three  and  four  miles 
farther  south,  shows  low  bottoms,  less  than  a  mile  wide,  mainly  east  of 
the  river.  The  terrace  rises  from  the  flood  plain  to  an  elevation  of  from 
80  to  90  feet  above  low  water,  but  soon  descends  to  an  elevation  of  only 
45  to  50  feet  above  dqtum,  in  the  valley  of  Otter  Creek.  Erosion  by  the 
creek  may  account  for  the  great  reduction  in  the  volume  of  the  terrace, 
as  shown  by  this  section.  The  section  at  Terre  Haute,  3%  miles  farther 
south,  shows  about  one  mile  of  low  bottoms  on  the  west,  then  a  second 
bottom  rising  about  30  feet  above  low  water,  then  low  bottoms  to  the 
bluff.  On  the  east  a  rise  of  50  feet  reaches  the  edge  of  the  terrace,  which 
rises  gradually  but  irregularly  to  an  elevation  of  about  70  feet  at  the  bluff 
three  miles  from  the  river.  Two  low  ridges  and  two  shallow  valleys 
occur  on  this  section,  but  in  general  the  surface  of  the  terrace  is  more 
uniform  than  farther  north.  The  next  section,  about  four  miles  farther 
south,  shows  about  one  mile  of  flood  plain  on  the  west  and  a  narrow 
terrace  rising  about  45  feet  above  low  water  in  the  river.  On  the  east 
the  terrace,  nearly  level,  is  about  four  miles  wide,  having  an  elevation  of 
about  45  feet  above  low  water.  The  ridges  of  the  Terre  Haute  section 
show  faintly,  but  the  surface  in  general  is  uniform.  The  section  three 
miles  fartlier  south,  through  tlie  village  of  Pi*aJrieton,  shows  a  little  more 
than  two  miles  of  flood  plain  about  equally  divided  by  the  river.  The 
terrace  about  four  miles  wide  has  an  average  elevation  of  about  45  feet 
above  low  water.  Honey  Creek  has  cut  a  broad  valley  across  the  terrace, 
and  a  low  ridge  appears  farther  east  The  next  section,  3%  miles  farther 
south,  shows  one  mile  of  flood  plain  west  of  the  river,  and.  a  narrow 
terrace.  On  the  east  the  low  bottoms  are  S\^  miles  wide.  A  little  island 
of  gravel  rising  about  40  feet  above  low  water,  and  a  narrow  sand  ridge, 
ai-e  the  solo  representatives  of  the  great  terrace  farther  north.  Tliis  sec- 
tion continued  eastward  shows  that  Johnson's  Hill  rises  about  100  feet 
above  low  water  in  the  river  and  that  the  valley  of  Prairie  Creek,  about 
one  mile  wide,  has  about  the  same  elevation  as  the  Prairieton  terrace. 
It  seems  probable  that  Johnson's  Hill  was  an  island  in  the  old  river,  and 
that  the  valley  of  Prairie  Creek  was  the  eastern  channel  of  the  ancient 


stream.     The  niiiuI  anil  fi 
seotlng  tlie  tcrmcp.  ns  si 


,i>l  of  Prairie  Creek  valley,  probably  repre- 
u  in  the  rralilotoii  section.  Tlie  section  on 
the  south  ii.iinlj-  line  sliiiws  three  nill.'s  of  (looil  pldin  ffint  of  the  river. 
This  i)lnlii  is  low  along  I'riiirie  Creek  and  Is  tTossed  by  a  low,  rocky  ridge 
near  the  bltiirs.  AVest  of  the  river  the  terrace  Is  ahont  two  miles  wide, 
with  nn  iiviTnge  elevallon  of  nimiit  .'tS  feet  above  low  water  In  the  river. 
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A  low,  broad  ridge  is  shown  ui)ou  the  terrace,  l)ui  iu  g<?ueral  its  surf  are 
is  quite  unlfornj.  This  terrace  descends  gently  toward  the  south  so  that 
at  York,  six  miles  south,  it  has  an  elevation  of  scant  30  feet  above  low 
water,  while  at  llutsonville,  five  miles  below  York,  it  has  an  elevation  of 
only  about  25  feet,  just  about  on  a  level  with  the  high  floods,  and  only 
about  8()  rods  wide.  .Tust  north  of  llutsonville  there  is  a  great  hill  of  sand 
and  gravel  that  rises  about  45  feet  above  low  water,  but  the  greater  part 
of  tlie  terrace  is  low.  Thus  the  gravel  terrace,  so  massive,  so  prominent 
a  feature  iu  Vigo  County,  almost  disappears  within  40  miles.  It  seems 
probable  that  the  old  valley  was  once  filled  with  sand  and  gravel,  at  least 
to  the  elevation  of  the  higher  points  of  the  present  time.  The  present 
features  of  the  valley  are  apparently  due  to. extensive  erosion.  Meander 
lines  run  in  1810  show  that  the  present  river  has  not  eroded  its  gravel 
banks  to  any  appreciable  extent  during  the  past  80  years.  The  work  of 
erosion  signifies  much  stronger  currents  than  prevail  in  the  present  river, 
even  when  in  flood. 


The  Kankakee  Valley.     By  H.  T.  Montgomery,  M.  D. 

One  of  the  great  waterways  during  the  ice  period  seems  to  have  been 
entirely  overlooked  by  our  local  and  State  geologists.  I  refer  to  the  great 
Kankakee  Valley,  whose  stream  had  its  origin  at  the  foot  of  the  Saginaw 
glacier,  and  received  tributary  streams  from  the  Maumec  and  Michigan 
glaciei-s,  and  became  in  time  the  outlet  for  the  waters  flowing  south 
from  Lake  Huron  through  Saginaw  Bay  before  they  secured  an  outlet 
through  the  Niagara  River.  This  great  valley  served  as  a  waterway  for 
the  waters  during  the  withdrawal  of  the  first  ice  sheet,  from  the  fact  that 
its  channel  was  8llte<l  up  like  all  other  great  sti-eam  valleys  during  the 
Champlain  epoch  or  age  of  depression,  and  was  never  re-excavated  to  any 
extent,  and  remains  to-day  a  filled  valley.  It  probably  conveyed  the 
waters  during  the  advance  of  the  last  ice  sheet,  but  soon  after  the  sheet 
began  to  withdraw  the  waters  found  an  outlet  into  Lake  Michigan,  leaving 
the  Kankakee  Valley  at  the  point  where  South  Bend  now  lies,  through  the 
bed  of  its  largest  tributary,  which  will  be  described  later  on.  The  Kanka- 
kee Valley  extends  trom  a  point  in  Illinois  where  the  present  Kankakee 
River  and  the  Desplalnes  unite,  taking  a  northeasterly  course  through 
Illinois,  Indiana  and  Michigan,  to  the  watershed  between  the  streams 


flowliij.'  Into  SiiKinaw  Hay  iiiiil  tlio  lieail-wak-rs  of  th<;  St.  Joseph  Rtvi-r. 
U'hlrh  I|[in-:<  s»iit1iw>-sl  lliroUKh  the  Knnkiik^<>  [-IiddupI  to  Soutli  Bt'U<t. 
vhi-n-  ir  )i1ii-ii|iil.v  turns  iidi-tli  iind  ri'm-lu's  I.nk.<>  Mlclii^iiu  at  St.  Ji>m^))Ii. 


St.  Joaipi  CoDRTT.— Sedwiio  Akcrkt  i¥0  MouiHi  DsiniMR. 
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This  valley  was  iho  great  outlet  to  I^ake  Huron,  as  the  Wabash  Valley 
was  the  outlet  to  Lake  Erie  during  glacial  times.  This  great  valley,  with 
its  flood  plain,  varies  from  three  miles  at  its  narrowest  point,  which  is 
one  mile  below  South  Bend,  to  about  twenty  at  its  l>roadest  part,  which 
is  between  Porter  and  Lake  on  the  north  and  Newton  and  Jasper  counties 
on  the  south.  The  south  bank  of  the  valley  from  al)out  six  miles  below 
South  Bend  to  near  its  source  is  from  fifty  to  one  hundred  feet  high,  while 
the  north  bank  from  South  Bend  to  its  source  is  generally  low  and  shelv- 
ing. From  South  Bend  to  the  Illinois  line,  or  from  the  point  where  the 
valley  emerges  from  between  the  Maumee  and  Michigan  moraines  to  its 
confluence  with  the  Desplaines,  the  banks  are  low,  generally  not  exceeding 
fifteen  or  twenty  feet  in  height.  On  the  south  side  of  the  old  chann^  will 
be  found  quite  an  extensive  sandy  flood  plain,  extending  from  the  border 
of  the  Maumee  moraine  southwestward,  covering  almost  the  entire  sur- 
face of  Starke  County,  the  northern  part  of  Pulaski,  Jasper  and  Newton 
counties.  On  the  uortli  the  main  channel  largely  borders  the  Michigan 
moraine. 

The  great  width  of  the  stream  from  South  Bend  to  the  eastern  part 
of  Illinois  was  owing  to  three  causes— first,  the  surface  of  the  country 
through  which  this  part  of  the  stream  flowed  w»as  destitute  of  rugged 
features,  being  a  comparatively  level,  smooth  surface;  second,  the  stream 
crossed  the  arched  condition  of  the  bed  rock  which  extends  in  a  north- 
westerly course  across  Indiana  into  Illinois;  this  rocky  ridge  probably  pro- 
duced well-marked  rapids,  similar  to  those  of  the  Ohio  River  near  Louis- 
ville, and  also  had  a  marked  tendency  to  dam  the  waters  and  cause  them 
to  overflow  a  wide  t^ritory  above,  giving  to  this  region  the  general  ap- 
pearances of  a  great  lake  having  occupied  its  territory;  third,  at  Soutji 
Bend,  a  tributary  one-third  its  size  was  added  to  Its  volume;  also  the 
overflow  from  the  Michigan  basin  through  the  Ora|)evlne  Valley. 

The  principal  tributaries  of  the  great  Kankakee  were  the  Elkhart 
and  Yellow  rivers,  draining  from  the  Maumee  glacier,  and  probably  the 
Tippecanoe  River  at  a  point  where  it  enters  the  southeast  comer  of  Starke 
County;  this  I  have  not  carefully  lnvestigate<l,  but  which  I  think  will 
probably  be  found  to  be  a  fact,  also  what  I  am  pleased  to  call  the  great 
Dowagiac  River,  now  represented  by  the  Dowagiac  Creek,  which  heads 
south  of  Kalamazoo,  Mich.,  but  the  waters  of  whose  ancient  stream  prob- 
ably accumulated  far  north  of  that  point,  gathering  all  the  glacial  waters 
from  the  eastern  slope  of  the  eastern  lateral  moraine  of  the  Michigan 
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glacial  lobe,  funiiiujj:  a  mighty  glacial  river,  jQowing  south  to  a  point  three 
miles  north  of  Niles,  Mich.,  where  it  received  a  large  tributary  which  had 
oi>onod  n  way  Uirougli  tht*  lateral  Michigan  moraine,  and  was  discharg- 
ing its  waters  from  the  Michigan  basin,  which  had  not  yet  found  an 
opening  to  the  south,  between  the  Michigan  ice  lobe  and  its  moraine.  The 
Dowagiac  Kiver,  after  receiving  the  overflow  waters  from  the  Michigan 
basin,  continued  south  and  emptied  its  waters  into  the  Kankakee  at  the 
present  site  of  the  city  of  South  Bend. 

The  old  channel  where  it  emptied  into  the  Kankakee  is  three  miles 
•  wide,  with  well-dettned  banks  nsing  from  fifty  to  seventy-five  feet  above 
the  bed  of  the  valley,  the  valley  having  been  cut  to  bed  rock  and  silted 
up  about  120  feet,  leaving  the  above-mentioned  banks  yet  remaining. 

These  great  streams  existed  for  long  periods  of  time.  The  Kankakee 
and  the  Dowagiac  conveying  the  glacial  waters  during  the  advance  of  the 
ice  sheet,  also  during  the  period  that  it  stood  at  its  most  advanced  point, 
and  during  its  withdrawal,  until  the  Michigan  ice  lobe  had  suflBlciently 
receded  to  allow  the  waters  along  its  eastern  border  to  escape  through 
the  Desplaines  opening.  This  promoted  a  rapid  lowering  of  the  waters 
between  the  ice  lobe  and  its  terminal  lateral  moraine,  and  terminated  the 
flow  of  waters  from  the  Michigan  basin  into  the  Dowagiac  River,  leaving 
a  broad  water-worn  plain  leading  from  the  Dowagiac  River  back  north- 
westward to  the  Michigan  basin. 

Here  commenced  a  system  of  river  robbing.  The  Dowagiac  River 
doubled  upon  itself  at  an  angle  of  45  degrees,  followed  the  abandoned 
channel  of  its  former  tributary  and  discharged  its  waters  into  Lake  Michi- 
gan, leaving  in  turn  a  well-worn  channel  from  three  to  four  miles  wide 
and  thirteen  miles  long,  leading  to  the  great  Trunk  Stream  or  Kankakee. 
The  distance  from  the  point  where  the  Dowagiac  emptied  its  waters  into 
the  Kankakee  to  St.  Joseph,  Mich.,  is  thirty-eight  miles,  with  a  fall  of 
141  feet;  from  the  same  point  to  Momence,  111.,  the  distance  is  92  miles, 
with  a  fall  of  98  feet.  It  can  be  readily  understood  that,  with  the  first 
annual  flood,  a  part  of  the  waters  of  the  Kankakee  would  follow  the  aban- 
doned Dowagiac  channel,  mingling  with  the  Dowagiac,  and  onward  into 
Lake  Michigan  at  St.  Joseph.  The  fall  over  the  new  route  being  three 
and  a  half  times  greater  than  that  over  the  old  route,  the  new  channel 
rapidly  cut  tlirough  the  old  river  deposit,  finally  claiming  all  of  the  waters 
of  the  once  mighty  Kankakee,  leaving  its  valley  from  South  Bend  to  the 
Desplaines  a  geological  monument  to  tell  of  its  eternal  past 
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The  physical  force  which  most  likely  turned  the  current  of  the  Kanka- 
kee into  the  channel  of  the  Dowagiac  was  an  ice  gorge,  forming  seven 
miles  below  South  Bend,  where  a  jutting  point  from  the  Michigan  moraine 
extends  out  into  the  valley  proper,  two  miles  and  a  half,  in  an  almost 
transverse  direction,  and  known  as  Orum's  Point.  Just  below  this  point 
we  find  an  ancient  flood  plain  two  miles  wide,  which  was  supplied  with 
overflow  water  fi*om  the  Michigan  basin,  and  which  entirely  subsided 
when  the  Michigan  waters  receded  from  the  rim  of  its  basin.  This  valley 
is  drained  by  a  small  meandering  stream,  known  as  Grapevine  Creek,  the 
rudiment  of  a  mighty  glacial  stream.  Strong  and  well-pronounced  evi- 
dences of  an  Ice  gorge  or  dam  having  formed  at  Crum's  Point,  and  ex- 
tending up  the  river  to  the  mouth  of  the  Dowagiac,  are  yet  plainly  visible, 
from  the  scouring,  leveling  and  erosion  of  the  morainic  hills  on  tbe  south, 
and  a  chain  of  lakes,  and  lake  beds  on  the  north,  which  are  connected  by 
a  gorge  through  the  point  with  the  glacial  stream  mentioned  above.  And 
also  at  the  head  of  the  ice  dam  which  passed  well  up  above  the  mouth 
of  the  Dowagiac.  where  the  waters  pouring  around  it  into  the  Dowagiac 
Valley  excavated  an  internipted  channel,  or  chain  of  depression.  These 
depressions  are  linear,  extending  from  northwest  to  southeast  being  from 
one-fourth  to  t]n*ee-fourths  of  a  mile  long,  twenty  to  forty  feet  deep,  an<i 
from  two  hundred  to  six  hundred  yards  wide,  with  sharp  and  well-deflne<l 
banks.  They  all  show  evidences  of  liaving  be*»n  filled  with  water  for  a  long 
period  of  time.  All  have  become  dry  except  the  lower  two,  which  contain 
from  twenty  to  thirty  feet  of  water  at  present.  This  channel  or  chain  of 
depressions  extends  from  one  mile  north  of  South  Bend  southeasterly  to 
within  one  mile  of  Misliawaka,  a  distance  of  four  miles  and  a  half,  as 
shown  on  the  accompanying  diagram.  When  the  ice  dam  gave  way,  the 
waters  al>an<loned  their  circuitous  routes  and  resumed  their  old  channels, 
a  part  of  them  at  this  time  taking  the  route  down  tlie  Kankakee,  and  a 
part  of  them  up  the  Dowagiac  Valley,  the  fall  the  latter  way  being  three 
and  a  half  times  greater  than  the  former,  a  channel  was  soon  eroded 
sutficiently  to  carry  the  entire  volume  of  water.  A  bluflT  twelve  to  four- 
teen feet  high,  whicli  commenced  in  tlie  form  of  a  sandbar,  the  sediment 
for  which  was  supplied  by  what  is  known  as  Wenger's  Creek,  extending 
in  a  diagonal  direction  across  the  Kankakee  bed,  and  parallel  to  the  new 
current,  until  it  reached  the  opposite  bank,  when  the  Kankakee  Valley 
>vas  seah'd  forever. 
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The  Kankakee  Kiver,  from  its  source  to  its  mouth,  took  a  south- 
westerly course.  When  the  waters  left  the  old  channel  they  took  an 
almost  due  northerly  course,  forming  a  great  bend  in  the  river,  with  its 
sharp  convexity  to  the  south,  which  gave  our  city  its  name— South  Bend. 

The  two  rivers  since  changing  their  course  have  eroded  their  valleys 
from  fifty  to  seventy-five  feet  into  the  old  river  deposits,  and  have  not 
yet  attained  their  base  level.  The  Kankakee  Valley  at  South  Bend,  where 
it  escapes  from  between  the  Mauniee  and  the  Michigan  moraines,  is 
narrowed  down  to  three  miles,  witli  high  rugged  banks  and  no  flood  plain. 
Five  miles  east,  and  up  the  valley  from  South  Bend,  it  attains  a  width  of 
six  miles,  which  width  it  holds  with  slight  variation  until  it  reaches  the 
rim  of  the  Saginaw  basin.  This  end  of  the  valley  is  thoroughly  drained 
by  the  channel  of  the  present  St.  Joseph  River,  which  has  eroded  through 
the  old  river  drift  to  the  extent  of  from  forty  to  fifty  feet.  There  are  a 
few  i>oat  bogs  and  niai*shcs  lying  back  from  the  river,  where  the  valley  is 
broad,  and  the  modern  channel  well  to  one  side.  Otherwise  the  old  valley 
above  South  Bend  is  one  vast  level  sand  plain.  Below  South  Bend,  where 
the  old  valley  remains  silted  up,  and  there  is  no  modem  channel  for  drain- 
age purposes,  the  spring  waters  escaping  from  beneath  the  Michigan 
moraine,  and  from  the  foot  of  the  Maumee,  also  bubbling  up  from  the  bed 
of  the  old  stream  itself,  as  I  am  informed  oy  Mr.  William  Whitten,  in 
charge  of  rock  excavations  at  Momence,  has  been  productive  of  a  vast 
growtli  of  peat  or  muck  over  the  entire  valley  proper,  from  South  Bend 
to  Momence.  Beneath  this  peat  bed,  which  ranges  from  six  to  ten  feet 
in  depth,  is  found  fine  sand  and  river  gravel,  as  shown  by  excavations 
made  in  the  construction  of  a  large  ditch  made  with  the  view  of  straight- 
ening the  river.  This  ditch  commences  at  South  Bend,  is  twenty  feet 
wide,  ten  feet  deep,  and  twenty  miles  long,  which  gives  us  a  comprehen- 
sive idea  of  the  materials  underlying  the  bog.  If  the  stream  had  not 
changed  its  course  at  South  Bend  and  continued  down  its  original  valley, 
eroding  a  channel  or  partially  cleaning  the  old  silted  valley  to  a  depth  of 
from  fifty  to  sixty  feet,  as  the  waters  have  done  through  their  new 
course,  rendering  to  the  Kankakee  Valley  thereby  proper  drainage,  there 
would  never  have  been  known  a  "Kankakee  Marsh,"  but  all  that  portion 
of  Indiana  would  have  been  a  vast  sandy  plain,  covered  with  oak  or  bar- 
rens timber,  and  in  general  appearances  \\w  same  as  that  part  of  the 
valley  above  South  Bend, 
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Notes  on  the  Eastern  &cabpment  of  the  Kkobstone  Formation  in 

Indiana.    By  Lee  F.  Bennett. 

One  of  the  most  noticeable  topographical  features  of  Indiana  is  the 
eastern  escarpment  of  the  Knobstone  formation.  It  can  easily  be  traced 
from  New  Albany  in  a  north-northwesteriy  direction  for  more  than  one 
hundred  miles. 

The  Knobstone  formation  comprises  the  lower  strata  of  the  Sub-car- 
boniferous series  in  Indiana  It  is  made  up  of  clay  shales,  sandy  shales 
and  sandstones.  The  escarpment  is  due  to  a  great  thickness  of  the  soft 
and  easily  eroded  strata  capped  by  more  resisting  strata  of  sandstone  and 
overlying  limestone.  It  generally  faces  east,  and  in  the  extreme  southern 
part  of  the  State  it  presents  a  bold  precipitous  face.  Here  the  name 
"Knobs*'  is  given  to  the  range  of  hills  formed  by  the  escarpment;  farther 
north  this  eastern  portion  of  the  formation  is  known  as  "the  hills." 

Beginning  directly  west  of  New  Albany,  in  Section  3,  township  3  soutli, 
range  6  east,  the  escarpment  runs  north  ten  miles.  It  varies  from  190 
fe<»t  to  385  feet  above  the  country  to  the  cast  which  is  low  and  flat  and 
slopes  gently  towards  the  Ohio  River.  There  are  no  foot-hills  in  this 
region,  but  in  various  places  streams  have  cut  through  the  escarpment 
forming  narrow  ravines  with  almost  precipitous  sides.  With  the  exception 
of  about  two  miles  where  limestone  a  few  feet  in  thickness  is  found, 
sandstone  is  the  capping  stratum.  In  a  typical  section  made  six  miles 
north  of  New  Albany  the  sandstone  was  found  to  be  90  feet  in  thidsness 
and  the  shale  nearly  300  feet. 

The  drainage  is  toward  the  east  into  Silver  Greek  or  southeast  into 
the  Ohio  River.  A  few  of  the  streams  head  two  or  three  miles  west  of 
the  escarpment  and  reach  the  level  country  through  the  narrow  ravines 
before  mentioned.  The  escarpment  turns  to  the  west  in  section  14,  town- 
ship  1  south  and  6  east,  Clark  County,  forming  the  southern  boundary  of 
the  valley  of  Muddy  Fork  Creek  aa  far  as  the  town  of  Borden. 

The  knobs  in  this  region  vary  from  150  to  250  feet  in  height  and  are 
capped  by  sandstone.  Near  Borden  the  knobs  are  for  the  most  part  made 
up  of  shales  containing  large  quantities  of  iron  nodules. 

On  the  north  side  of  the  valley  of  Muddy  Fork  Creek  the  escarpment 
extends  eastward  to  section  C,  1  south  and  G  east,  whence  it  runs  In  a  nortli- 
norrlieastorly  direction  twelve  miles  to  section  19,  ?  north,  5  east  whicj) 
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is  tlie  most  easterly  extension  of  the  Knobstone  escarpment.  Foothills 
are  found  in  the  northern  part  of  township  1  north;  they  extend  one  mile 
to  the  east  of  the  main  escarpment  are  low  and  for  the  most  part  unculti- 
vated. The  Sub-carboniferous  limestone  which  overlies  the  Knobstone 
has  receded  many  miles  to  the  westward,  thus  leaving  the  sandstones 
and  shales  to  make  up  the  hills  of  this  region.  In  section  24,  2  north  and 
8  east,  on  the  line  between  Clarli  and  Scott  counties,  probably  the  highest 
part  of  the  escarpment  is  found;  it  is  400  feet  above  the  general  level  of 
the  country  to  the  east.  (The  hills  of  section  24  and  25  are  cut  oflP  from 
the  main  line  by  a  gap  cut  by  streams  tributary  to  the  Muscatatuck  on 
the  north  and  the  Ohio  on  the  soutli.) 

The  lino  of  hills  now  turns  westward,  then  nortliwestward  twelve  miles, 
parsing  into  Washington  Counly.  and  again  turns  west.  In  township  2 
north.  0  oast,  there  are  several  small  valleys  cut  by  streams  tributary  to  the 
Muscatatucl^.  The  foothills  are  long,  extending  two  or  three  miles  north- 
east parallel  to  the  principal  creelv  bods.  In  township  3  north,  the  over- 
lying limestones  extend  to  the  eastern  face  of  the  Knob  escarpment. 

In  section  30,  township  4  north,  8  east,  the  hills  turn  to  the  west,  run- 
ning parallel  to  the  ^luscatatuck  and  White  rivers.  In  places  the  hills 
"bluff  up"  against  the  river  and  in  others  the  "bottom  land"  is  a  half  mile 
or  more  in  width.  In  the  eastern  part  of  township  4  north  and  4  east,  the 
line  of  hills  makes  a  groat  bend  towards  the  south;  another  deflection  is 
made  to  the  soutlioast  in  the  middle  of  township  4  north  and  3  east  In 
section  26,  townslilp  4  north  and  2  east,  in  northwestern  Washington 
County,  limestone  is  found  capping  the  escarpment  126  feet  above  the 
river  bed  and  is  found  as  the  capi)ing  stratum  for  several  miles  farther 
down  the  river;  the  hills  forming  the  border  of  the  valley  vary  from  125  to 
300  foot  in  lioight. 

From  Ft  Ritnor,  on  the  north  side  of  White  River,  the  hills  extend 
northeast  for  six  miles  to  near  the  town  of  Medora,  then  nearly  north  for 
ton  miles  to  Freetown  in  the  northwostorn  part  of  Jackson  County.  In 
the  first  seven  miles  of  this  portion  there  are  no  foothills,  the  White  River 
bottoms  extending  to  the  face  of  tiio  oscarpmont;  farther  north  there  are 
foothills  and  in  many  places  tliere  is  a  gradual  rise  from  the  eastern  low- 
lands to  the  hills  to  the  westward.  In  a  few  places  only  arc  the  hills  as 
higlj  as  tlioy  are  to  tlio  soutli.  One  hill  was  measured  which  was  370  feet  in 
holsrht  but  this  was  an  exception.     In  the  vicinity  of  Freetown,  in  town- 
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ship  0  north  aud  3  east,  the  highest  hills  aloug  the  eastern  face  are  but 
little  over  100  feet.  They  form  the  watershed  for  this  section  of  the 
country. 

East  and  south  of  Brownstown,  in  east-central  Jackson  County,  are 
the  *'Brownstown  Iliils."  They  are  outliers  of  the  hills  to  the  south  and 
west  They  are  separated  from  the  main  line  of  hills  to  the  south  by 
the  Muscatatuek  River  and  two  aud  one-half  miles  of  bottom  land;  from 
those  on  the  west,  by  the  White  River  and  four  miles  of  bottom  land. 
They  are  a  ver>'  prominent  feature  in  the  topography  of  tliis  region; 
their  greatest  extent  is  six  miles  from  north  to  south  and  live  miles  from 
east  to  west.  They  are  made  up  of  muddy  sandstones  underlaid  by  clay 
shales  and  contain  in  many  places  considerable  quantities  of  Iron 
nodules.  The  hills  in  many  places  are  nearly  400  feet  above  the  valley; 
on  the  east  the  slope  is  rather  abrupt,  with  few  foothills,  but  on  the  west 
the  slope  is  gradual  to  the  White  River  l)ottoms.  nie  hills  are  nearly  cut 
through  in  three  places  by  creeks  tributary  to  the  White  River. 

From  Freetown  the  hills  extend  to  the  northeast  six  miles  near  the 
Bartholomew  and  Jackson  county  line,  thence  nearly  north  across  the 
western  part  of  Bartholomew  County.  Near  the  above-named  county  line 
one  spur  of  the  hills  runs  nearly  east  for  three  miles,  then  in  a  northerly 
direction,  forming  the  foothills  In  Bartholomew  County.  The  Kuobstone 
escarpment  is  generally  not  well  marked  in  this  county.  In  a  few  places 
the  slope  is  gradual;  in  other  places  the  foothills  are  live  or  six  miles  wide 
and  the  escarpment  is  well  marked.  Without  doubt  two  or  thivo  miles 
of  these  lower  hills  are  partially  formed  of  drift,  as  was  shown  by  well 
sections  obtjiined  in  this  region;  a  few  places  along  the  west  bank  of 
Driftw^ood  River  there  are  bluffs  100  feet  high. 

The  main  escarpnu?nt  varies  from  KK)  to  27r>  f<'et  above  the  immediate 
i'ountry  to  the  ea.vt.  Tlie  <n'ek  valleys  in  the  lower  hills  are  sometimes 
mope  than  oue-lialf  mile  in  width.  In  the  northern  part  of  the  county 
in  township  10  north  and  4  east,  there  is  no  distinct  es<arpnient;  the  coun- 
try gradually  bee*omes  more  rolling  from  the  east  to  the  wesrt  ami  passes 
into  the  hills  of  northern  Brown  and  southern  Johnson  counties. 

Beginning  with  Johnson  County  the  r«il  €»astern  escarpment  is  cov- 
ered with  glacial  material.  In  township  11  north  and  5  east,  extending 
to  Sugar  Cn*ek  west  of  Kdinburg,  the  country  is  gently  rolling  with  an 
occasional  bluff  on  the  west  side  of  the  creek;  in  township  11  north,  4 
east,  the  hills  are  steeper  and  more  numerous.     In  township  11  north  4 
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east,  and  12  north  .3  oast,  wost  aiid  southwest  of  Franklin,  the  watershed 
between  the  east  and  west  forks  of  White  River  is  a  ridge  covered  with  a 
glacial  material;  it  is  almost  level  and  from  one  to  two  miles  in  width. 

The  glacial  covering  can  be  easily  traced  along  the  southern  part  of 
this  ridge.  Here  the  wells  are  shallow  and  water  is  found  In  shale; 
farther  north  the  water  is  found  in  gravel  and  sand,  and  In  this  region 
there  is  a  number  of  large  springs.  Well  sections  also  show  the  char- 
acter of  the  original  surface;  of  two  wells  within  seventy-five  yards  of 
each  other,  one  was  14  feet  deep  and  the  bottom  was  in  blue  shale;  the 
other  41  feet  deep  and  the  bottom  was  in  a  "brush  heap'*  (glacial  debris). 

West  of  this  ridge  to  White  River,  and  especially  along  the  creek 
beds,  the  coimtrj^  is  very  rough  and  shows  the  characteristic  Knobstone 
topography.  A  continuation  of  the  hills  of  northwest  Bartholomew  County 
are  found  in  southern  Johnson  and  Morgan  counties;  the  hills  are  from 
75  to  125  feet  alx)ve  the  bed  of  Indian  Creek  which  they  follow  to  its 
mouth,  three  miles  southwest  of  Martinsville. 

On  either  side  of  White  Kiver  nortli  of  Martinsville  to  near  the  Mor- 
gan and  Johnson  county  lines,  typical  Knobstone  bluffs  are  found.  Di- 
rectly west  of  Martinsville  the  bluff  is  190  feet  high.  The  bluffs  on  the 
west  side  follow  close  to  the  river  for  about  five  miles;  they  then  turn 
to  the  north,  forming  the  west  side  of  tlie  valley  of  White  Lick  Creek. 
They  gradually  become  lower  and  can  l>e  traced  two  or  three  miles  north- 
west of  Mooresville,  in  township  14  north,  1  east,  where  they  ceased  to  be 
noticeable.  Between  this  spur  and  White  River  the  country  Is  gently 
rolling  and  covere<i  to  some  depth  with  glacial  material. 

On  the  east  side  of  the  river  most  of  tlie  bottom  land  is  found.  It 
varies  from  a  few  hundred  yards  to  three-quarters  of  a  mile  in  width. 
The  hills  are  not  as  high  as  on  the  west  side  and  gradually  become  lower 
as  they  nm  north wanl.  In  sei'tlon  2.  township  13  north,  2  east,  the  last 
hill  Is  found;  at  Waverly,  two  miles  southeast,  there  is  a  sandstone  quarry 
of  typical  "Knob"  sandstone. 

This  northern  portion  is  a  good  example  of  the  gradual  encroachment 
of  drift  material  over  the  residual  rock  and  soil. 

In  the  accompanying  map  an  attempt  has  been  made  to  give  a  general 
Idea  of  the  location  of  the  escarpment.  The  scale  Is  too  small  to  show 
only  the  larger  valleys.  The  foothills  are  Indicated  by  short  contour  lines 
some  distance  apart.  No  attempt  has  been  made  to  show  the  height  of  the 
hills  by  a  definite  number  of  contours. 
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An  Old  Shoreline.     By  D.  W.  Dennis. 


The  Elkhorn  is  a  small  tributary  to  the  Whitewater  River  from  the 
east,  some  four  miles  south  of  Kichmond,  Iml.  There  is  in  this  stream  a 
falls  some  twenty  feet  iu  height  that  has  receded  and  left  a  gorjre  of 
about  that  depth  for  a  distance  of  a  half  mile  or  more;  this  gorge  is  cut 
through  strata  of  the  same  age  as  those  through  which  the  Niagara  gorge 
jiasses.  At  the  Ellvhorn  the  surface  rock  is  the  Niagara  limestone;  it  is 
massive  and  some  twelve  feet  thick;  it  is  underlaid  by  the  uppermost 
layers  of  the  Tiower  Silurian  formation,  consisting  of  alternating  layers 
of  thin  flagstones  an<l  clay.  This  clay  and  fragile  flags  wear  faster  tlian 
the  overlying  massive  rock,  and  so  it  shelves  over;  one  can  pass  behiml 
and  around  the  falls  just  as  he  can  parts  of  the  Niagara  Falls.  The  fos- 
sils in  the  Lower  Silurian  strata  are  the  same  one  finds  in  the  gorge  at 
Richmond.  In  the  uppermost  stratum,  however,  they  are  beach-worn, 
ground  in  many  instances  to  unrecognizable  fragments;  a  half  dozen  spe- 
cies can,  however,  be  made  out— enough  to  settle  the  question  of  its  age 
without  dispute;  it  is  Lower  Silurian;  it  is  an  ancient  coQuina  rock;  it 
crops  out  for  a  distance  of  half  a  mile;  tons  of  it  can  be  examined;  its 
story  is  as  interesting  as  it  is  unmistakable;  here  was  the  beach  of  the 
Cincinnati  Silurian  Island;  the  wearing  of  the  stones  has  not  been  in 
recent  geological  times,  for  they  are  restratified  and  are  overlaid  by  the 
Niagara  rock,  which  bears  glacial  striai  on  its  surface.  After  these  rocks 
were  beach-worn,  the  sea  deepened,  the  shore  line  moved  eastward  and 
remained  there  long  enough  for  the  twelve  feet  of  Niagara  rock  to  form 
in  a  clear— clay  less— sea. 


Two  Cases  of  Variation  of  Species  with  Horizon.     By  D.  W.  Dennis. 

The  east  fork  of  the  Whitewater  River  has  worn  a  gorge  in  the  upper 
strata  of  the  l>ower  Silurian  limestone,  near  Richmond.  Ind.  This  gorge 
is  about  75  feet  deep,  is  terminated  by  a  falls  a  half  mile  above  the  city, 
and  for  a  distance  of  some  two  miles  below  the  falls  the  river  bluffs  are 
generally  precipitous.  This  Lower  Silurian  formation  consists  of  flag- 
st(mes  four  inches  or  less  in  thickness,  alternating  with  clay  strata  of 
about  the  same  thickness.     The  flags  are  made  up  chiefly  of  the  shells 
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of  brachiopods,  and  these  ore  In  many  places  uiimerous  In  the  accompany- 
ing clay  strata;  from  these  clay  strata  the  shells  weather  out  perfectly. 
This  note  concerns  itself  with  two  species  of  these  brachiopods— Or  this 
biforata  and  Orthis  occidentnlis.  The  first  of  these  has  its  hinge  line 
soiuetinies  greatly  prolonged,  as  in  Fig.  (1).  Every  gradation  in  this  respect 
is  to  be  found  as  shown  in  Figs.  (2),  (3),  (4)  and  (5).  Specimens  like  Fig. 
(1)  are  to  be  found  in  the  uppermost  strata,  and  those  with  the  hinge  line 
less  and  less  prolonged  are  found  in  lower  and  lower  strata  until  finally 
in  the  lowest  strata  those  without  any  prolongation— Fig.  (5)— are  to  be 
found.  The  matter  of  interest  is  that  the  development  of  the  hinge  line 
went  forward  during  the  entire  time  of  the  formation  of  these  rocks;  its 
development  is  roughly  in  proportion  to  the  altitude. 

Forms  like  Figs.  4  and  5  continued  to  survive  and  are  found  at  all 
horizons,  but  forms  like  Fig.  1  are  not  to  be  found  at  the  lower  horizons. 

A  similar  change  is  to  be  noticed  in  Orthis  occidentalls.  Typical  speci- 
mens of  this  species  found  at  a  low  horizon  have  a  channel  along  the 
middle  line  from  the  umbo  to  the  anterior  margin;  see  Fig.  G.  But  as  one 
searches  in  higher  and  higher  strata  he  finds  the  channel  dying  out  and 
a  ridge  taking  its  place,  until  in  the  highest  strata  the  typical  species  is 
displaced  by  its  variety,  Orthis  sinuata.  Fig.  7. 


Notes  on  the  Distribution  of  the  Knobstone  Gkoup  in  Indiana. 

By  J.  F.  Newsom  and  J.  A.  Price. 

I  Abstract.] 

The  scries  of  shales  and  sandstones  in  Indiana  known  as  the  '*Kno1> 
stone**  has  been  grouped  to  itself  principally  because  of  its  lithological 
characters.  Because  of  Its  stratigraphical  position  with  regard-  to  the 
Lower  Carboniferous  limestones  it  has  been  regarded,  in  part  at  least,  as 
the  equivalent  of  the  Kinderhook  group  of  Illinois. 

On  Gorby's  geological  map  of  Indiana,  of  1S93,  the  Knobstone  area 
is  represented  as  extending  as  far  northward  as  Honey  Creek  Township, 
In  White  County. 

Field  work  done  by  the  Indiana  University  Geological  Survey  in  1897 
shows  that  tlie  area  underlain  by  the  Knobstone  does  not  extend  so  far 
north  of  Putnam  County  as  has  been  hitherto  suspected.     It  also  seems 

19— SCIKHCB. 


291 

to  show  that  the  Crawfordsvllle  crinold  beds,  which  have  been  rejjarded 
as  belonging  to  the  Keokuk,  are  the  statigraphical  equivalents  of  the 
Knobstone  strata  farther  south. 

The  accompanying  map  shows  the  area  covered  by  the  Knobstone 
group,  north  of  Morgan  County,  as  that  area  is  given  on  Gorby*s  geo- 
logical map  of  1893.  It  shows  also  (approximately)  the  area  in  and  north 
of  Putnam  County  as  the  field  work  of  1897  indicates  it  to  be. 

It  will  be  noticed  that  (as  worked  out  by  the  University  Survey  of 
1897)  no  Knobstone  is  represented  as  occurring  north  of  Montgomery 
County,  while  by  far  the  larger  part  of  that  county  is  underlain  by  it. 

Small  isolated  areas  of  the  Knobstone  may  exist  north  of  Montgomery 
County,  but  these  will  in  all  probability  be  found  to  be  only  outliers. 

I 

The  limits  of  the  area,  as  changed  from  Gorby*s  map  of  1893,  are 
only  approximate.  The  whole  region  being  covered  over  by  glacial  drift 
except  in  the  deepest  creek  valleys,  makes  it  necessary  to  trace  the  con- 
tacts largely  by  well  sections.  It  is  consequently  impossible  to  trace  them 
more  than  approximately. 


Some  Indiana  Mildews.*     By  M.  A.  Brannon. 

Four  years  ago  a  paper  on  "Mildews  of  Indiana"  was  presented  to 
you  by  Mr.  J.  N.  Rose,  of  Wabash  College.  His  was  the  first  step  toward 
determining  the  various  species  of  Indiana  mildews.  The  few  species, 
and  their  hosts,  named  in  this  paper  are  the  second  attempt  I  believe,  in 
this  State  in  the  direction  of  determining  these  interesting  parasites, 
which  are  everywhere  abundant 

To  Rose's  list  containing  the  names  of  eleven  species  and  twenty-nine 
hosts,  are  added  several  hosts  for  some  of  the  species  mentioned  by  him, 
also  nine  species  and  ten  hosts  not  found  in  his  list. 

Bessey's  "Erysiphe  of  the  United  States;"  Cook's  "Hand-Book  of  Brit- 
ish Fungi;"  Bull,  of  the  111.  State  Laboratory  of  Nat  History,  Vol.  II.,  and 
Rose's  "Mildews  of  Indiana"  were  the  guides  used  in  determining  and 
describing  the  following  species. 

S[5li}iTotheca  Castagnei  L6v. 

"Paper  read  before  the  Indiana  Academy  of  Science,  l^^,  and  heretofore  unpublifhed. 
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Found  on  leaves  of  PrronantheR  altlsslma.  Rose*8  additional  notes  to 
Cooke'»  description  of  this  form  do  not  state  that  some  perlthecia  contain 
two  asri.  Such  ;l  tnso  was  ol)serv(»d  in  two  or  three  i>eritheola  of  this 
species  found  on  an  Erigeron.  In  these  unusual  forms  one  ascus  was  much 
liirj^er  than  its  companion,  but  not  as  larj?e  as  tlie  ascus  existing  alone  in 
a  peritliecinin.  A  few  of  tliese  unusual  forms  miglit  lead  to  the  question- 
ing of  what  lias,  heretofore,  l)fen  considered  a  strong  generic  difference 
l>etwe»Mi  a  SpluiM-othiM-n  and  an  Erysiphe. 

Podosphsera  oxacantha  DC  was  found  on  cherry  leaves.  This  species 
was  named  I'odospha^a  Kunzel  by  Dr.  Bessey,  but  the  reasons  for  chang- 
ing to  P.  oxacautlia  arc  detailed  in  Bot.  (lazette.  Vol.  XI.  page  60.  1886. 

Phyllactlna  sutfulta  Reb.  (P.  guttata  L^v.). 

Found  sparingly  on  leaves  of  a  Desmo<lium. 

I'ncinula  liexuosa. 

Occurrwl  al)undantly  on  leaves  of  tlie  buclceye.  This  is  a  l)eautiful 
species  and  is  characterized  by  wavy  outlines  of  appendages  at  their 
extremities.  It  is  anipliigenous.  appendages  are  hyaline,  varying  from 
thirty-six  to  lifty-six  in  number:  asd.  seven  to  twelve:  spores,  six  to  ten, 
and  strongly  pedicellate. 

Unclnula  Ampelopsidif*  Pk.  was  found  in  abundance  on  leaves  of 
Ainpelopsis  quintpicfolia.  In  i\w  Trans.  Alliany  Inst.,  Vol.  VII.  page  216. 
Peck  Includes  U.  Americana,  U.  spiralis  and  U.  subfusca  under  the  one 
name  of  Unclnula  Ampelopsidis. 

T'ncinula  adunca  L6v. 

Found  very  abundantly  on  willow  leaves.  It  is  amphlgenous;  has  six 
to  eigljt  asci.  and  usually  from  four  to  six  si>ores,  rarely  eight  in  our 
species,  tliough  Bessey  describes  it  ^vith  only  four  spores. 

rncinula  ciniunata  (,'.  and  P. 

On  silver  niai)le  leaves. 

Microsphaera  Ravenelii  B. 

On  h»aves  of  honey  locust.  The  repeateil  forking  at  the  apices  of  the 
appendages  makes  the  determination  of  this  species  very  easy.  It  has 
from  eiglit  t<»  sixteen  ap])endages:  asci.  four  to  nine:  spores,  six  to  eight 

Microsphiera  extensa  C.  and  P. 

Ff)und  on  tlie  upper  surfacci  of  reil  oak  leaves  and  on  both  sides  of 
leaves  from  a  young  oak;  the  species  was  sonu^what  doubtful.  Both  speci- 
ni«'?is  had   very  long   appendages;   from    four   to  tive  asci;   four  to  eight 


293 

spores.  A  peculiarity  was  observed  In  the  appendages  of  the  perithocia 
borne  on  the  leaves  of  the  young  oak.  In  many  of  the  appendages  were 
found  swollen  places  resembling  knee-like  joints.  These  swellings  were 
rather  promiscuously  arranged,  having  neither  a  definite  location  nor 
number  on  any  appendage,  which  led  to  the  opinion  that  the  swellings 
were  caused  by  some  foreign  growth.  Closer  observation  revealed  a 
mycelium  running  lengthwise  the  appendages  and  enlarging  at  the  swollen 
phu.es.  This  mycelium  was  observed,  in  cme  case,  leaving  the  appendage 
and  growing  free  from  the  host.  Another  view  gave  a  mycelial 
thread  of  this  same  parasite,  which,  having  twined  itself  about 
the  apices  of  two  appendages,  was  evidently  drawing  them  to- 
gether as  if  attempting  to  effect  some  way  of  reproducing  itself,  as  is 
the  custom  of  certain  secondary  parasites.  This  mycelium  Iwre  the  same 
characteristic  enlargements  noted  in  tlie  mycelium  growing  within  tlie 
appendages.  It  acted  and  appeared,  in  many  respects,  like  tliat  parasite 
described  and  named  Cincinobolus  Cesatii  by  DeBary  ("Die  Pilze,"  p.  208), 
with  this  «'Xception:  lie  found  this  suialler  parasite  in  the  mycelium  of 
mildews  and  not  in  the  api>endages  of  their  perithecia.  As  it  has  been 
known  to  enter  and  develop  itij  spores  in  the  conidial  chain,  we  may  easily 
lK»lieve  that  it  ccmld  make  this  further  advance  and  take  up  its  abode  in 
tlie  perithecia  and  their  api)endages.  Granting  that  this  secon<lary  para- 
site may  possibly  he  C.  Cesatii,  we  have  yet  to  dispose  of  tlie  swellings 
borne  on  its  mycelium.  These  swellings  in  no  way  resembled  the  repro- 
ductive organs  of  C.  Cesatii  figured  and  described  by  DeBary.  Tliey  ap- 
pear as  internal  growths  of  some  other  plant  It  has  been  (piestioned 
whether  these  swellings  may  not  be  bacteroid  forms  existing  on  a  sec- 
ondary parasite  of  a  primary  parasite,  thus  giving  the  gradation  of  pri- 
mary, secondary  and  tertiary  parasitism.  If  so,  it  is  desirable  to  allow 
the  last  two  to  remain  in  their  epiparasitic  habits  and  thus,  as  suggeste<l 
by  a  (Jerman  botanist  (Thttmen,  "Pilze  des  Weinstocks,"  p.  178),  they  may 
exercise  a  restraining  influence  upon  the  firs^;  and  doubtless  CinclnolK>lus 
does  pn'vent  the  miltlew  from  attaining  its  usual  vigorous  hold  on  the 
host  plant.  C.  Cesatii  has  been  found  In  the  mycelium  of  some  Erysiphe 
and  Podosphiura  spe<'ies,  but  never,  so  far  as  could  be  learnetl,  has  it  been 
found  in  an  appendage  nor  in  any  part  of  a  Microsphiera  species,  unless 
this  be  such  a  case. 

Microsphoera  densissima  C.  and  P. 
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Very  abundant  on  the  oak  leaf.  This  Is  a  remarkably  beautiful  species 
growing  its  mycelium  in  orbicular  and  stellate  patches,  which  enable  one 
to  recognize  it  at  a  glance. 

Microsphaira  diffusa  C.  and  P. 

On  Desmodium  leaves. 

Erysiphe  lamprocarpa  (Wall.)  L6v. 

Found  on  many  hosts,  notably  on  Compositse. 

Ill  atlditiou  to  iho  Imst  montioiUHl  by  Rose  are  added  Aster  cordifolius. 
Aster  undulatus.  Ambrosia  trifilda  and  Verbena  stricta.  In  one  instance 
a  few  asci  were  found  containing  three  spores,  which  is  contrary  to  what 
has  formerly  been  regarded  a  strong  specific  character.  This  variable- 
ness of  spores  led  to  another  classification  of  this  species  by  Burrill  and 
Earle  (Bull.  111.  State  I^b.  Nat.  History,  Vol.  II.  p.  404). 

Erysiphe  Euphorbifle  Peck. 

On  Euphorbia  coroUata.  The  host  bearing  this  species  was  In  a 
withered  and  very  sickly  condition,  whether  from  action  of  the  mildew 
could  not  be  affirmed. 

Erysiphe  communis  (Wall.)  Schl. 
On  Ranunculus  recurvatus  and  an  aster  growing  In  the  same  place 
which  had  probably  received  the  mildew  from  its  neighbors.     The  ap- 

« 

pendages  of  the  perithecium  found  on  Ranunculus  were  fifteen  to  thirty- 
five  in  number  and  two  to  four  times  the  diameter  of  the  perltheda  In 
length. 

Erysiphe  tortllis  (Wall.)  Lk. 

On  Clematis  Virginiuna.  This  species  has  been  found  on  this  host 
several  times,  but  this  specimen  differed  from  all  others  described  in  ap- 
parently not  affecting  the  host,  which  was  in  a  vigorous  condition,  though 
the  mildew  was  very  abundant  on  its  leaves. 

Erysiphe  horridula  LOv. 

On  Verbena  stricta  and  Eupatorium  purpureum.  It  was  difficult  to 
decide  whether  this  was  E.  horridula  or  E.  lamprocarpa,  as  it  closely  re- 
sembles the  latter,  with  the  exception  of  having  three  to  four  spores  In 
every  ascus. 

Recent  research  with  improved  instruments  reveals  many  facts  un- 
known to  the  early  mycologists  who  made  the  first  classification  of  mil- 
dews. Many  of  the  characteristics  forming  generic  and  specific  distinc- 
tions in  their  classification  are  found  to  be  changeable  and  not  always 
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reliable,  i.  e.,  a  Sphserotheca  having  two  asci  in  a  perltheclum  or  an  Ery- 
siphe  lamprocarpa  having  more  than  two  spores  in  an  ascus  will  not  har- 
monize with  a  classification  denying  such  variableness.  Hence  revisions 
are  constantly  being  made,  which  have  new  characteristics  as  bases  for 
new  classifications,  or  extend  the  limits  of  these  formerly  too  restricted 
species.  But  whatever  advances  may  be  made,  the  revisions  must  retain 
much  of  the  old  in  the  development  of  the  new,  for  the  first  classification 
was  correct  in  the  main,  and  can  be  altered  only  in  respect  to  details 
based  on  the  more  minute  structure  revealed  by  further  investigation  with 
greatly  improved  apparatus. 
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AN  ACT  TO  PROVIDE  FOR  THE  PUBLICATION  OF  THE  REPORTS 
AND  PAPERS  OF  THE  INDIANA  ACADEMY  OF  SCIENCE. 

[Approved  March  11,1895.] 

Whereas,  The  Indiana  Academy  of  Science,  a  chartered 
Preamble.  scieutilic  association,  has  embodied  in  its  constitution  a  pro- 
vision that  it  will,  upon  the  request  of  the  Governor,  or  of  the 
several  departments  of  the  State  government,  through  the  Governor,  and 
through  its  council  as  an  advisory  body,  assist  in  the  direction  and  execu- 
tion of  any  investigation  within  its  province,  without  pecuniary  gain  to 
the  Academy,  provided  only  that  the  necessary  expenses  of  such  investi- 
gation are  borne  by  the  State,  and. 

Whereas,  The  reports  of  the  meetings  of  said  Academy,  with  the  sev- 
eral papere  read  before  it,  have  very  great  educational,  industrial  and 
economic  value,  and  should  be  preserved  in  permanent  form,  and, 

W'liEREAS,  The  Constitution  of  the  State  makes  it  the  duty  of  the  Gen- 
eral Assembly  to  encourage  bj'  all  suitable  means  intellectual,  scientific 
and  agricultural  improvement,  therefore. 

Section  1.    Be  it  emicted  hy  the  General  Assembly  of  the 
Publication  of  ;s7a^('  of  Indiana,  That  hereafter  the  annual  reports  of  the 

the  reports  of  '  *^ 

the  Indiana  meetings  of  the  Indiana  Academy  of  Science,  beginning  with 
Science.  (^jj^*  report  for  the  year  1894,  including  all  papers  of  scientific 

or  economic  value,  presented  at  such  meetings,  after  they  shall  have  been 
edited  and  prepared  for  publication  as  hereinafter  provided,  shall  be  pub- 
lislied  by  and  under  the  direction  of  the  Commissioners  of  Public  Printing 
and  Binding. 

Sec.  2.    Said  reports  shall  be  edited  and  prepared  for  pub- 
Kditing  licatioii  without  expense  to  the  State,  by  a  corps  of  editors  to 

reports. 

be  selected  and  appointed  by  the  Indiana  Academy  of  Science, 
who  shall  not,  by  reason  of  such  services,  have  any  claim  against  the 
Stat(»  for  compensation.     The  form,  style  of  binding,  paper,  typography 

and  manner  and  extent  of  illustration  of  such  reports,  shall 
^°nt^"  ®^  l»e  determined  by  the  editors,  subject  to  the  approval  of  the 
reports.  ('omniissioners  of  Public  Printing  and  Stationery.     Not  less 

than  1,500  nor  more  than  3,000  copies  of  each  of  said  reports  shall  be  pub- 
lished, the  size  of  the  edition  within  said  limits,  to  be  determined  by  the 


concurrent  action  of  the  editors  and  the  Commissioners  of  Public  Print- 
ing and  Stationery:     Provided,  That  not  to  exceed  six  hundred  dollars 
($600)  shall  be  expended  for  such  publication  in  any  one  year, 
and  not  to  extend  beyond  1896:    Provided,  That  no  sums  shall    ^^^^*  ' 
be  deeme<l  to  be  appropriated  for  the  year  1894. 

Sec.  3.    All  except  three  hundred  copies  of  each  volume  of 

said  reports  shall  be  placed  in  the  custody  of  the  State  Libra-  Disposition 

of  reports. 

rian,  who  Fhall  furnish  one  copy  thereof  to  each  public  li- 
brary in  the  State,  one  copy  to  each  university,  college  or  normal  school 
in  the  State,  one  copy  to  each  high  school  in  the  State  having  a  library, 
which  shall  make  application  therefor,  and  one  copy  to  such  other  insti- 
tutions, societies  or  persons  as  may  be  designated  by  the  Academy 
through  it  editors  or  its  council.  The  remaining  three  hundred,  copies 
shall  be  turned  over  tb  tlio  Academy  to  be  disposed  of  as  it  may  de- 
termine. In  order  to  provide  for  the  preservation  of  the  same  it  shall 
be  the  duty  of  the  Custodian  of  the  State  House  to  provide  and  place  at 
the  disposal  of  the  Academy  one  of  the  unoccupied  rooms  of  tlie  State 
House,  to  be  designated  as  the  oflSce  of  the  Indiana  Academy  of  Science, 
wherein  said  copies  of  said  reports  belonging  to  the  Academy,  together 
with  the  original  manusciipts,  drawings,  etc.,  thereof  can  be  safely  kept, 
and  he  shall  also  equip  the  same  with  the  necessary  shelving  and 
furniture. 

Sec.  4.    An  emergency  is  hereby  declared  to  exist  for  the 
immediate  taking  effect  of  this  act,  and  it  shall  therefore  take  Bniergency. 
effect  and  be  in  force  from  and  after  its  passage. 


AN  ACT  FOR  THE  PROTECTION  OF  BIRDS,  THEIR  NESTS  AND 

EGGS. 

[Approved  March  5,1891.] 

Section  1.    Be  it  enacted  by  the  Qenei'al  Assembly  of  the 
^tate  of  Indiana,  That  it  shall  be  unlawful  for  any  person  to  Birds, 
kill  any  wild  bird  other  than  a  game  bird,  or  purchase,  offer  for  sale  any 
such  wild  bird  after  it  has  been  killed,  or  to  destroy  the  nests  or  the  eggs 
of  any  wild  bird. 


6 

Sec.  2.  For  the  purpose  of  this  act  the  following  shall 
Game  birds.  Y)e  considered  game  birds;  the  Anatidse,  commonly  called 
swans,  geese,  brant,  and  river  and  sea  ducks;  the  Rallidse,  commonly 
linown  as  rails,  coots,  mudhens,  and  gallinules;  the  Limicolse,  commonly 
Icnown  as  shore  birds,  plovers,  surf  birds,  snipe,  woodcock  and  sand- 
pipers, tattlers  and  curlews;  the  Gallinse,  commonly  known  as  wild  tur- 
keys,  grouse,  prairie  chickens,  quail,  and  pheasants,  all  of  which  are  not 
intended  to  be  affected  by  this  act. 

Sec.  3.    Any  person  violating  the  provisions  of  Section  1 
Penalty.  ^f  ^jjjg  ^^^  shall,  upon  conviction,  be  fined  in  a  sum  not  less 

than  ten  nor  more  than  fifty  dollars,  to  which  may  be  added  imprisonment 
for  not  less  than  five  days  nor  more  than  thirty  days. 

Sec.  4.    Sections  1  and  2  of  this  act  shall  not  apply  to  any 

Permiti.  persou  holding  a  permit  giving  the  right  to  take  birds  or  their 

nests  and  eggs  for  scientific  purposes,  as  provided  in  Section  5  of  this  act 

Sec  5.    Permits  may  be  granted  by  the  Executive  Board 
Permits  to 
Science.  of  the  Indiana  Academy  of  Science  to  any  properly  accredited 

person,  permitting  the  holder  thereof  to  collect  birds,  their  nests  or  eggs 
for  strictly  scientific  purposes.  In  order  to  obtain  such  permit  the  ap- 
plicant for  the  same  must  present  to  said  Boai-d  written  testimonials 
from  two  well-known  scientific  men  certifying  to  the  good  character  and 
fitness  of  said  applicant  to  be  entrusted  with  such  privilege  and  pay  to 
said  Board  one  dollar  to  defray  the  necessary  expenses  attending  the 
granting  of  such  permit,  and  must  file  with  said  Board  a 
Bond.  i»roperly  executed  bond  in  the  sum  of  two  hundred  dollars, 

signed  by  at  least  two  responsible  citizens  of  the  State  as  sureties.    The 

bond  shall  be  forfeited  to  the  State  and  the  permit  become 
Bond 

forfeited,    void  upon  proof  that  the  holder  of  such  permit  has  killed 

any  bird  or  taken  the  nests  or  eggs  of  any  bird  for  any  other  purpose  than 

that  named  in  this  section  and  shall  further  be  subject  for  each  offense 

to  the  penalties  provided  in  this  act, 

Se(\  6.  The  permits  authorized  by  this  act  shall  be  in 
Two  years.  force  for  two  years  only  from  the  date  of  their  issue,  and 
shall  not  be  transferable. 

Sec.  7.  The  English  or  European  House  Spairow  (Passer 
Birds  of  prey,  domesticus),  crows,  hawks,  and  other  birds  of  prey  are  not 
included  {in.oug  the  birds  protected  by  this  act. 


Sec.  8.    All  acts  or  parts  of  acts  heretofore  passed  in  con- 
diet  with  the  provisions  of  this  act  are  hereby  repealed.  ^^^  repealed. 

Sec.  9.    An  emergency  is  declared  to  exist  for  the  imme- 
diate taking  effect  of  this  act,  therefore  the  same  shall  be  Emergency, 
in  force  and  effect  from  and  after  its  passage. 


TAKING  FISH  FOR  SCIENTIFIC  PURPOSES. 

Section  2.  Chapter  XXX.  Acts  of  1899,  page  45,  makes  the  following 
provision  for  the  taking  of  fish  for  scientific  purposes:  "Provided,  That  in 
all  cases  of  scientific  observation  he  [the  Commissioner  of  Fisheries  and 
Game]  shall  require  a  permit  from  the  Indiana  Academy  of  Science." 
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OFFICERS,  1899-1900. 


Pbebident, 
D.  W.  DENNIS. 

Vice-  President, 
M.  B.  THOMAS. 

Secretary, 
JOHN  8.  WRIGHT. 

Assistant  Secretary. 
K.  A.  SCHULTZE. 

Press  Secretary, 
GEO.  W.  BENTON. 

Treasurer, 
J.  T.  SCOVELL. 


EXECUTIVE  COMMITTEE. 


D.  W.  Dennis, 
M.  B.  Thomas, 
John  S.  Wright, 

E.  A.  Schultze, 
G.  W.  Benton, 
J.  T.  ScOVELL, 
C.  A.  Waldo, 


C.  H.  Eioenmann, 
Thomas  Gray, 
Stanley  Coulter, 
Amos  W.  Butler, 

W.  A.  NOYBS, 

J.  0.  Arthur, 
J.  L.  Campbell, 


O.  P.  Hay, 
T.  C.  Mendemhall, 
John  C.  Branner, 
J.  P.  D.  John, 
John  M.  Coulter, 
David  S.  Jordan. 


CURATORS. 

BOTANY  J.  C.  Arthur. 

ICHTHYOLOGY C.  H.  Eioenmann. 

HERPETOLOCJY  i 

MAMMALOGY     s Amos  W.  Butler. 

ORNITHOLOGY  J 

ENTOMOLOGY W.  S.  Blatchley. 
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COMMITTEES,  1899-1900. 


PROGRAM. 
L.  J.  RETTOERf  Severance  Burraoe. 

MEMBERSHIP. 
Donaldson  IJodine,  J.  F.  Thompson,  Mel.  T.  Cook. 

NOMINATIONS. 
Katherine  K.  Golden,  J.  L.  Campbell,  D.  M.  Mottier. 

AUDITING. 
W.  A.  NoYES,  W.  S.  Blatchley. 

STATE  LIBRARY. 
A.  W.  Butler,  W.  A.  Noyes,  C.  A.  Waldo,  J.  S.  Wright. 

LEGISLATION  FOR  THE  RESTRICTION  OF  WEEDS. 
.1.  C.  Arthur,  Stanley  Coulter,  J.  8.  Wrkjht. 

PROPAGATION  AND  PROTECTION  OF  GAME  AND  FISH. 
C.  H.  Eioenmann,  a.  W.  Butler,  W.  S.  Blatchley. 

EDITOR. 

Geo.  W.  Benton,  625  N.  Pennsylvania  St.,  Indianapolis. 

DIRECTORS  OF  BIOLCXilCAL  SURVEY. 
C.  H.  Eioenmann,  V.'F.  Marsters,  J.  C.  Arthur. 

RELATIONS  OF  THE  ACADEMY  TO  THE  STATE. 
C.  A.  Waldo,  A.  W.  Butler,  R.  W.  McBride. 

GRANTING  PERMITS  FOR  COLLECTING  BIRDS  AND  FISHES. 
A.  W.  Butler,  Stanley  Coulter,  W.  S.  Blatchley. 

DISTRIBUTION  OF  THE  PROCEEDINGS. 
A.  W.  Butler,  J.  S.  Wright,  G.  W.  Benton. 
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CONSTITUTION. 


ARTICLE  I. 

Section  1.  This  association  shall  be  called  the  Indiana  Academy  of 
Science. 

Sec.  2.  The  objects  of  this  Academy  shall  be  scientific  research  and 
the  diffusion  of  knowledge  concerning  the  various  departments  of  science; 
to  promote  intercourse  between  men  engaged  in  scientific  work,  especially 
in  Indiana;  to  assist  by  investigation  and  discussion  in  developing  and 
making  known  the  material,  educational  and  other  resources  and  riches 
of  the  State;  to  arrange  and  prepare  for  publication  such  reports  of  in- 
vestigation and  discussions  as  may  further  the  aims  and  objects  of  the 
Academy  as  set  forth  in  these  articles. 

Whereas,  the  State  has  undertaken  the  publication  of  such  proceed- 
ings, the  Academy  will,  upon  request  of  the  Governor,  or  of  one  of  the 
several  departments  of  the  State,  through  the  Governor,  act  through  its 
council  as  an  advisory  body  in  the  direction  and  execution  of  any  investi- 
gation within  its  province  as  stated.  The  necessary  expenses  incurred  in 
the  prosecution  of  such  investigation  are  to  be  borne  by  the  State;  no 
pecuniary  gain  is  to  come  to  the  Academy  for  its  advice  or  direction  of 
such  investigation. 

The  regular  proceedings  of  the  Academy  as  published  by  the  State 
shall  become  a  public  document. 

ARTICLE  IL 

Section  1  Members  of  this  Academy  shall  be  honorary  fellows,  fel- 
lows, non-resident  members  or  active  members. 

Sec.  2.  Any  person  engaged  in  any  department  of  scientific  work, 
or  in  original  research  in  any  department  of  science,  shall  be  eligible 
to  active  membership.  Active  members  may  be  annual  or  life  members. 
Annual  members  may  be  elected  at  any  meeting  of  the  Academy;  they 
shall  sign  the  constitution,  pay  an  admission  fee  of  two  dollars,  and  there- 
after an  annual  fee  of  one  dollar.     Any  person  who  shall  at  one  time 
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contribute  fifty  dollars  to  the  funds  of  this  Academy,  may  be  elected  a 
life  member  of  the  Academy,  free  of  assessment.  Non-resident  members 
may  be  elected  from  those  who  have  been  active  members  but  who  have 
removed  from  the  State.  In  any  case,  a  three-fourths  vote  of  the  mem- 
bers present  shall  elect  to  membership.  Applications  for  membership  in 
any  of  the  foregoing  classes  shall  be  referred  to  a  committee  on  applica- 
tion for  membership,'  who  shall  consider  such  application  ana  report  to 
the  Academy  before  the  election. 

Sec.  3.  The  members  who  are  actively  engaged  in  scientific  work,  who 
have  recognized  standing  as  scientific  men,  and  who  have  been  members 
of  the  Academy  at  least  one  year,  may  be  recommended  for  nomination 
for  election  as  fellows  by  three  fellows  or  members  personally  acquainted 
with  their  work  and  character.  Of  members  so  nominated  a  number  not 
exceeding  five  in  one  year  may,  on  recommendation  of  the  Executive 
Committee,  be  elected  as  fellows.  At  the  meeting  at  which  this  is 
adopted,  the  raembei*s  of  the  Executive  Committee  for  1894  and  fifteen 
others  shall  be  elected  fellows,  and  those  now  honorary  members  shall 
become  honorary  fellows.  Honorary  fellows  may  be  elected  on  account 
of  special  prominence  in  science,  on  the  written  recommendation  of  two 
members  of  the  Academy.  In  any  case  a  three-fourths  vote  of  the  mem- 
bers present  shall  elect. 

ARTICLE  III. 

Skctiox  1.  The  officers  of  this  Academy  shall  be  chosen  by  ballot 
at  the  annual  meeting,  and  shall  hold  office  one  year.  They  shall  consist 
of  a  president,  vice-president,  secretary,  assistant  secretary,  press  secre- 
tary, and  treasurer,  who  shall  perform  the  duties  usually  pertaining  to 
their  respective  oflices  and  in  addition,  with  the  ex-presidents  of  the 
Academy,  shall  constitute  an  executive  committee.  The  president  shall, 
at  each  annual  meeting  appoint  two  members  to  be  a  committee  which 
shall  prepare  the  program nu^  and  have  charge  of  the  arrangements  for 
all  meetings  for  one  year. 

Sec.  2.  The  annual  meeting  of  this  Academy  shall  be  held  In  the  city 
of  Indianapolis  within  the  week  following  Christmas  of  each  year,  un- 
less otherwise  ordered  by  the  executive  committee.  There  shall  also  be 
a  summer  meeting  at  such  time  and  place  as  may  be  decided  upon  by  the 
executive  committee.     Other  meetings  may  be  called  at  the  discretion 
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of  the  executive  committee.  The  past  presidents,  together  with  the 
officers  and  executive  committee,  shall  constitute  tht-»  Council  of  the 
Academy,  and  represent  it  in  the  transaction  of  any  necessary  business 
not  8i>ecially  provided  for  in  this  constitution,  in  the  Interim  between 
general  meetings. 

Sec.  3.  This  constitution  may  be  altered  or  amended  at  any  annual 
meeting  by  a  three-fourths  majority  of  attending  members  of  at  least 
one  year's  standing.  No  question  of  amendment  shall  be  decided  on  the 
day  of  its  presentation. 


BY-LAWS. 


1.  On  motion,  any  special  department  of  science  shall  be  assigned  to  a 
curator,  who.se  duty  it  shall  be,  with  the  assistance  of  the  other  members 
iuteiested  in  tlie  same  department,  to  endeavor  to  advance  knowledge  in 
that  particular  department.  Each  curator  shall  report  at  such  time  and 
place  as  the  Academy  shall  direct.  These  reports  shall  include  a  brief 
suumiary  of  the  progress  of  the  department  during  the  year  preceding  the 
presentation  of  tlie  report. 

•J.  The  president  shall  deliver  a  public  address  on  the  evening  of  one 
of  the  days  of  the  meeting  at  the  expiration  of  his  term  of  oflSce. 

3.  The  press  secretary  shall  attend  to  the  securing  of  proper  news- 
pa  i>er  reports  of  the  meetings  and  assist  the  secretary. 

4.  No  special  meeting  of  the  Academy  shall  be  held  without  a  notice 
of  the  same  liaviug  been  sent  to  the  address  of  each  member  at  least 
fifteen  days  before  such  meeting. 

5.  No  bill  against  the  Academy  shall  be  paid  with(»ut  an  ord(M'  signed 
by  the  president  and  countersigned  by  the  secretary. 

(».  Meml)ers  who  shall  allow  tlieir  dues  to  remain  unpaid  for  two 
years,  liaving  been  annually  notified  of  their  arrearage  by  tlie  treasurer, 
sliall  liave  their  names  stricken  from  the  roll. 

7.  Ten  members  shall  constitute  a  quorum  for  the  transaction  of 
business. 
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MEMBERS. 


FELLOWS. 

R.  J.  Aley *1898 Bloomington. 

J.  C.  Arthur 1893 Lafayette. 

P.  S.  Baker 1893  Greencastle. 

George  W.  Benton 1896 Indianapolis. 

A.  J.  Bigney 1897  Moore's  Hill. 

A.  W.  Bitting 1897  Lafayette. 

Donaldson  Bodine 1899  Crawfordsvilie. 

W.  S.  Blatchley 1893 Indianapolis. 

J.  C.  Branner 1893 Stanford  University,  Cal. 

H.  L.  Bruner 1899  Irvington. 

Wm.  Lowe  Bryan 1895 Bloomington. 

Severance  Burrage 1898 Lafayette. 

A.  W.  Butler 1893 Indianapolis. 

J.  L.  Campbell 1893 Crawfordsvilie. 

John  M.  Coulter 1893 Chicago,  111. 

Stanley  Coulter 1893 Lafayette. 

Glenn  Culbertson 1899  Hanover. 

D.  W.  Dennis 1895 Richmond. 

C.  R.  Dryer 1897   Terre  Haute. 

A.  Wilmer  Dufl' 1896 Lafayette. 

C.  H.  Eigenmann 1893  Bloomington. 

A.  L.  Foley 1897     Bloomington. 

Katherine  E.  Golden 1895 Lafayette. 

M.  J.  (folden 1899  Lafayette. 

W.  F.  M.  Goss 1893 Lafayette. 

Thomas  (Jray 1893  Terre  Haute. 

A.  S.  Hathaway 1895 Terre  Haute. 

O.  P.  Hay 1893 Washington,  D.  C. 

Robert  Hessler 1 899 Connersville. 

H.  A.  Huston 1893   Lafayette. 

J.  P.  D.  John 1893  Greencastle. 

D.  S.  Jordan 1893 Stanford  University,  Cal. 

Arthur  Kendrick 1898   Terre  Haute. 

Robert  E   Lyons 1896  Bloomington. 

V.  F.  Marsters 1893  Bloomington. 

C.  L.  Mees 1894  Terre  Haute. 

T.  C.  Mendenhall 1893 Worcester,  Mass. 

Joseph  Moore 1896  Richmond. 

^Date  of  election. 
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D.  M.  Mottier •ISOS Bloomington. 

W.  A.  Noyes 1893  Terre  Haute. 

L.  J.  Rettger  1896     Terre  Haute. 

J.  T.  Scovell 1894 Terre  Haute. 

Alex.  Smith 1893 Chicago,  111. 

W.  E.  Stone 1893 *. Lafayette. 

Joseph  Swain 1898 Bloomington. 

M.  B.  Thomas 1893 Crawfordsville. 

L.  M.  Underwood 1893 New  York  City. 

C.  A.  Waldo 1893 Lafayette. 

F.  M.  Webster' 1894 Wooster,  Ohio. 

H.  W.  Wiley  1895 Washington,  D.  C. 

John  S.  Wright 1894 Indianapolis. 


NON-RESIDENT  MEMBERS, 

M.  A.  Brannon Grand  Forks,  N.  D. 

D.  H.  Campbell Stanford  University,  Cal. 

B.  W.  Evermann Washington,  D.  C. 

Charles  II.  Gilbert Stanford  University,  Cal. 

C.  W.  Green Stanford  University,  Cal. 

C.  W.  Hargitt Syracuse,  N.  Y. 

Edward  Hughes Stockton,  Cal. 

O.  P.  Jenkins Stanford  University,  Cal. 

J.  S.  Kingsley Tufts  College,  Maes. 

D.  T.  MacDougal Bronx  Park,  New YorkCity. 

Alfred  Springer Cincinnati,  Ohio. 

Robert  B.  Warder Washington,  D.  C. 

Ernest  Walker Clemson  College,  S.  C. 


» 


ACTIVE  MEMBERS, 

G.  A.  Abbott Duluth,  Minn. 

Frederick  W.  AndrewH Bloomington: 

George  11.  Ashley    Indianapolis. 

Edward  Ayres Lafayette. 

Timothv  H.  Ball Crown  Point. 

J.  A.  Bergstrom Bloomington. 

Edwin  M.  Blake Lafayette. 

Lee  F.  Bennett Valparaiso. 

M.  C.  Bradley Bloomington. 

Fred  J.  Breeze Pittsburg. 

Frank  P.  Bronson Indianapolis. 

*Date  of  election. 
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O.  W.  Brown  Richmond. 

A.  Hugh  Bryan Lafayette. 

E.  J.  Chansler Bicknell. 

Walter  W.  Chipman Warsaw. 

George  Clements Crawfordsville. 

Charles  Clickener ; Tangier. 

Mel.  T.  Cook Greencastle. 

U.  O.  Cox Mankato»  Minn. 

William  Clifford  Cox Columbus. 

Albert  B.  Crowe Ft.  Wayne. 

M.  E.  Crowell Franklin. 

Will  Cumback Greensburg. 

Edward  Koscoe  Cummings Bloomington. 

Alida  M.  Cunningham Alexandria. 

Martha  Doan Westfield. 

J.  P.  Dolan Syracuse. 

Herman  B.  Dorner Lafayette. 

Hans  Duden Indianapolis. 

Joseph  Eastman Indianapolis. 

E.  G.  Eberhardt Indianapolis. 

M.  N.  Elrod Columbus. 

F.  L.  Emory Morgantown,  W.  Va. 

Percy  Norton  Evans Lafayette. 

Samuel  G.  Evans Evansville. 

J.  E.  Ewers 

Carlton  G.  Ferris Big  Rapids,  Mich. 

E.  M.  Fisher Urmevville. 

Austin  Funk New  Albany. 

Robert  G.  Gillum Terre  Haute. 

Vernon  Gould Rochester. 

J.  C.  (iregg Brazil. 

Alden  H.  Hadlev  Richmond. 

U.  S.  Hanna Bloomington. 

William  M.  Heiney Huniingtou. 

Robert  HcKsler Connersville. 

J.  A.  Hill 

Frank  C.  llig^ins Terre  Haute. 

Lucius  M.  Hubbard South  Bend. 

Alex.  Johnson Ft.  Wayne. 

W.  B.  Johnson Franklin. 

Ernest  K.  Jones Kokomo. 

Chanc^ey  Jiulay Bloomington. 

William  J.  Kanslake Irvington. 

D.  S.  Kelley Jefliersonville. 

( ).  L.   Kelso Terre  Haute. 
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A.  M.  Kenyon Lafayette. 

Ernest  I.  Kizer South  Bend. 

Charles  T.  Knipp Bloomington. 

Thomas  Large Urbana,  111. 

John  Levering Lafayette. 

V.  H.  Lockwood Indianapolis. 

William  A.  Macbeth Terre  Haute. 

Robert  Wesley  McBride  Indianapolis. 

Rousseau  McClellan Indianapolis. 

G.  W.  Martin Nashville,  Tenn. 

Julius  B.  Meyer Lafayette. 

O.  M.  Meyncke Brookville. 

W.  G.  Middleton Richmond. 

John  A.  Miller Bloomington. 

W.  J.  Moenkhaus Huntingburg. 

H.  T.  Montgomery South  Bend. 

J.  P.  Navlor (vreencastle. 

m 

Charles  E.  Newlin Irvington. 

John  F.  Newsom Stanford  University,  Cal. 

K.  W.  Olive Indianapolis. 

D.  A.  Owen Franklin. 

Rollo  J.  Peirce I^gansport. 

W.  H.  Peirce Chicago,  111. 

Ralph  B.  Polk Greenwood. 

James  A.  Price Ft.  Wayne. 

Frank  A.  PrcHton   Indianapolis. 

A.  H.  Purdue Fayetteville,  Ark. 

Ryland  Ratiiff Fairniount. 

Claude  Riddle Lafavette. 

I).  C.  Ridgley Chicago,  J 11. 

Curtis  A.  Rinson Bloomington. 

(tiles  E.  Ripley Muncie. 

George  L.  Roberts Greensburg. 

D.  A .  RiUhrork Bloomington. 

Joljn  K.  Schnaible Lafayette. 

E.  A.  Schuitze Ft.  Wavne. 

Howard  Schurmann Indianapolis. 

John  W.  Shepherd Terre  Haute. 

Cl.'iude  Siobenthal Indianapolis. 

J.  R.  Slonaker Bloomington. 

Richard  A.  Smart    Lafavette. 

Lillian  Snvder Lafavette. 

William  Stewart Lafayette. 

J.  M.  Stoddard Crawfordnviile. 

Cliarlfs  F.  Ste^maicr (ireensburg 

2— Sole  nee 
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Frank  B.  Taylor Ft.  Wayne. 

8.  N.  Taylor West  Lafayette. 

ErastnB  Test Lafayette. 

F.  C.  Test Chicago,  111. 

J.  F.  Thompson Richmond. 

A.  L.  Tread  well Oxford,  Ohio. 

Daniel  J.  Troyer Goshen. 

A.  B.  Ulrey North  Manchester. 

E.  Van  Brumbaugh Crawfordsville. 

W.  B.  Van  Gorder Worthington. 

Arthur  C.  Veatch Rockport. 

H.  S.  Voorhees Brookville. 

J.  H.  Voris Huntington. 

Fred  C.  Whitcomb Delphi. 

William  M.  Whitten South  Bend. 

Guy  Wilson Greencastle. 

Mae  Woldt Indianapolis 

William  Watson  Woollen Indianapolis. 

A.  J.  Woolman Duluth,  Minn. 

J.  F.  Woolsey Indianapolis. 

A.  C.  Yoder Vincennes. 

O.  B.  Zell Clinton. 

Fellows 52 

Non-resident  members 13 

Active  members 121 

Total 186 


11) 


LIST  OF  FOREIGT^  CORRESPO]S"DENTS. 


AFRICA. 

Dr.  J.   Medley  Wood,   NataJ   Botanical  Gardens,   Berea  Durban,   South 

Africa. 
South  African  Philosophical  Society,  Cape  Town,  South  Africa. 


ASIA. 


China  Branch  Royal  Asiatic  Society,  Shanghai,  China. 

Asiatic  Society  of  Bengal,  Calcutta,  India. 

Geological  Survey  of  India,  Calcutta,  India. 

Indian  Museum  of  India,  Calcutta,  India. 

India  Survey  Department  of  India,  Calcutta,  India. 


Deutsche   Gesellschaft   fiir  Natur-   und   VOlkerkunde   Ostaslens,   Tokio, 

Japan. 
Imperial  University,  Tokio,  Japan. 


Koninklijke  Naturkundige  Vereeuiging  in   Nederlandsch-Indle,   Batavia, 
Java. 


Hon.  D.  D.  Baldwin,  Honolulu,  Hawaiian  Islands. 


EUROPE. 


V.  R.  Tschusizu  Schmidhoffen,  Villa  Tannenhof,  Halle  in  Salzburg, 
Austria. 

Herman  von  Vilas,  Innsbruck,  Austria. 

Ethnologische  Mittheilungen  aus  Ungarn,  Budapest,  Austro-Hungary. 

Mathematische  und  Naturwissenschaftliche  Berichte  aus  Ungarn,  Buda- 
pest Austro-Hungary. 
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K.  K.  GealogiJ5che  Heichsanfitalt,  Vienne  (Wien),  Austro-Hungary. 
K.  U.  Naturwissenscbaftliche  Gesellseliaft,  Budapest,  Austro-Hungary. 
Naturwissenschaftlicb-Medlzlnisclier  Verein  in  Innsbruck  (Tyrol),  Austro- 
Hungary. 


Editors   **Terme8zetrajzi   Fuzetli,"   Hungarian   National   Museum,    Buda- 
pest, Austro-Hungary. 
Dr.  Eugeu  Dadai.  Adj.  am  Nat.  Mus.,  Budapest,  Austro-Hungary. 
Dr.  Julius  von  Madarasz,  Budapest,  Austro-Hungary. 
K.  K.  Naturbistorisobes  Hofmuseuni,  Vienna  (Wien),  Austro-Hungary. 
Ornithological  Society  of  Vienna  (Wien),  Austro-Hungary. 
Zoologische-Bontaniscbe  Gresellscbaft  in  Wien,  Vienna,  Austro-Hungarj'. 
Dr.  J.  von  Csato,  Nagy  Enyed,  Austro-Hungary. 


Malacological  Society  of  Belgium,  Brussels,  Belgium. 

Royal  Academy  of  Science,  Letters  and  Fine  Arts.  Brussels,  Belgium. 

Royal  LInnean  Society,  Brussels.  Belgium. 

Societ(^   Beige   de   (Geologic,    de    PalaeontologiC   et   Hydrologie,    Brussels, 

Belgium. 
Societe  R«>yale  de  Botanique.  Brussels,  Belgium. 
SocietC*  Geologlque  de  Belgi(iue,  Li^ge,  Belgium. 


Prof.  Christian  Frederick  Lutken.  Copenliagen,  Denmark. 


Bristol  Naturalists'  Society,  Bristol,  England.  . 
Geological  Society  of  London,  London.  England. 
Dr.  E.  M.  Holmes.  British  Pharm.  Soc'y,  Bloomsbury  Si].,  London,  W.  C, 

England. 
.Tenner  Institute  of  Preventive  Medicine,  Lon<lou,  England. 
Linnean  Society  of  London,  London.  England. 
Liverpool  GcH>logical  Society,  Liverpool,  England. 

Manchester  Literary  and  Philosophical  Society,  ^lanchester,  England. 
'•Nature,"  Lon<lon.  Enirland. 
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Royal  Botanical  Society,  London,  England. 

Royal  Geological  Society  of  Cornwall,  Penzance,  England. 

Royal  Microscopical  Society,  London,  England. 

Zoological  Society,  London,  England. 

Lieut.-Col.  John  Biddulph,  43  Charing  Cross,  London,  England. 

Dr.  G.  A.  Boulenger,  British  Mus.  (Nat  Hist),  London,  England. 

F.  DuCane  Godman,  10  Chandos  St.,  Cavendish  Sq.,  London,  England. 

Hon.  E.  L.  Layard,  Budleigh  Salterton,  Devonshire,  England. 

Mr.  Osbert  Salvin,  Hawksford,  Fernsliurst,  Haslemere,  England. 

Mr.  Howard  Saunders,  7  Radnor  Place,  Hyde  Park,  London  W.,  England. 

Phillip  L.  Sclater,  3  Hanover  Sq.,  London  W.,  England. 

Dr.  Richard  Bowlder  Sharpe,  British  Mus.  (Nat  His.),  London,  England. 

Prof.  Alfred  Russell  Wallace,  Corfe  View,  Parkstone,  Dorset,  England. 


Botanical  Society  of  France,  Paris,  France. 

Minis t^rie  de  1' Agriculture,  Paris,  France. 

Society  Entomolos^ique  de  France,  Paris,  France. 

L'lnstitut  Grand  Ducal  de  Luxembourg.  Luxembourg,  Lux.,  France. 

Soc.  de  Horticulture  et  de  Botan.  de  Marseille,  Marseilles,  France. 

Society  Linneenne  de  Bordeaux,  Bordeaux,  France. 

La  Soc.  Linneenne  de  Normandle,  Caen,  France. 

Soc.  des  Naturelles,  etc.,  Nantes,  France. 

Zoological  Society  of  France,  Paris,  France. 

Baron  Louis  d'Hamonville,  Meurthe  et  Moselle,  France. 

Prof.  Alphonse  Milne-PMwards,  Rue  Cuvier,  57,  Paris,  France. 

Pasteur  Institute,  Lille,  France. 


Botanischer  Verein  der  Provinz  Brandenbui'g,  Berlin,  Germany. 

I>eutsche  Geologische  Gesollschaft  Berlin,  Germany. 

En tomolopri seller  Verein  in  Berlin,  Berlin,  Germany. 

Jouraal  fUr  Omithologie,  Berlin,  Germany. 

Prof.  Dr.  .Jean  Cabanis,  Alte  Jacob  Strasse,  103  A.,  Berlin,  Germany. 

Augshurger  Naturhistorischer  Verein,  Augsburg,  Germany. 

Count  Hans  vpn  Berlspsen,  MUnden,  Germany. 

BraunschAvei.iror  Verein  filr  Naturwissenschaft  Braunschweig,  Germany. 
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Bremer  NaturwissenschaftHcber  Verein,  Bremen,  Germany. 

Kaiserlicbe  Leopoldisehe-Carolinische  Deutsche  Akademie  der  Naturfor- 

seber,  Halle,  Saxony,  Germany. 
Konlglicb-Sacbsische    Gesellscbaft    der    Wlssenscbaften,    Matbematisch- 

Pbysiscbe  Classe,  Leipzig,  Saxony,  Germany. 
Naturbistoriscbe  Gesellscbaft  zu  Hannover,  Hanover,  Prussia,  Germany. 
Naturwissenscbaftlicber  Yerein  in  Hamburg,  Hamburg,  Germany. 
Verein  fUr  Erdkunde,  Leipzig,  Germany. 
Verein  ftir  Naturkunde,  Wiesbaden,  Prussia. 


Belfast  Natural  History  and  Pliilosophical  Society,  Belfast  Ireland. 
Royal  Dublin  Society,  Dublin. 


Societa  Entomologica  Italiana.  Florence,  Italy. 

Prof.  H.  H.  Giglioli,  Museum  Vertebrate  Zoology,  Florence,  Italy. 

Dr.  Alberto  Perngia,  Museo  Civico  di  Storia  Naturale,  Genoa,  Italy. 

Societa  Italiana  de  Scienze  Naturali.  Milan,  Italy. 

Societa  Afrlcana  d*  Italia.  Naples.  Italy. 

Dell  'Academia  Pontifico  de  Nuovi  IJncei,  Rome,  Italy. 

Minister  of  Agriculture,  Industry  and  Commerce,  Rome,  Italy. 

Rassegna  della  Scienze  Geologiche  in  Italia,  Rome,  Italy. 

R.  Comltato  Geologico  d'  Italia,  Rome,  Italy. 

Prof.  Count.  Tomasso  Salvador!,  Zoolog.  Museum,  Turin,  Italy. 


.     Royal  Norwegian  Society  of  Sciences,  Tbrondhjem,  Norway. 
Dr.  Robert  Collett,  Kongl.  Frederiks  Univ.,  Christiana,  Norway. 


Academla  Real  des  Sciencias  de  Lisboa  (Lisbon),  I'ortugal. 


Comity  Geologique  de  Russie,  St.  Petersburg,  Russia. 
Imperial  Academy  of  Sciences,  St.  Petersburg,  Russia. 
Imperial  Society  of  Naturalists,  Moscow,  Russia. 
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The  Botanical  Society  of  Edinburgh,  Edinburgh,  Scotland. 

John  J.  Dalgleish.  Brankston  Grange,  Bogside  Sta,,  isterllng.  Scotland. 

Edinburgh  Geological  Society,  Ekllnburgh,  Scotland. 

Geological  Society  of  Glasgow,  Scotland. 

John  A.  Harvie-Brown,  Duniplace  House,  Larbert,  Stirlingshire,  Scotland. 

Natural  History  Society,  Glasgow,  Scotland. 

Philosophical  Society  of  Glasgow,  Glasgow,  Scotland. 

Royal  Society  of  Edinburgh,  Edinburgh,  Scotland. 

Royal  Physical  Society,  Edinburgh,  Scotland. 


Barcelona  Academia  de  Cienclas  y  Artes,  Barcelona,  Spain. 
Royal  Academy  of  Sciences,  Madrid,  Spain. 
Institut  Royal  Geologique  de  Sii6de,  Stocl?holni,  Sweden. 
Society  Entomologique  it  Stockholm,  Stockholm,  Sweden. 
Royal  Swedish  Academy  of  Science,  Stockholm,  Sweden. 
Naturforschende  Gesellschaft,  Basel,  Switzerland. 
Naturfoi'soliende  Gesellschaft  in  Berne,  Borne,  Switzerland. 
La  Society  Botanique  Suisse,  Geneva,  Switzerland. 
Society  Helve tique  de  Sciences  Naturelles,  Geneva,  Switzerland. 
Society  de  Physique  et  d'  Historie  Naturelle  de  Geneva.  Geneva.  Switzer- 
land. 
Concilium  Bibliographiciun,  Zurich-Oberstrasse,  Switzerland. 
Naturforschende  Gesellschaft,  Ziirich,  Switzerland. 
Schweizerische  Botanische  Gesellschaft  Ziirich,  Switzerland. 
Prof.  Herbert  H.  Field,  ZUrich,  Switzerland. 


AUSTRALIA. 

Linneau  Society  of  New  South  Wales,  Sidney,  New  South  Wales. 

Royal  Society  of  New  South  Wales,  Sidney,  New  South  Wales. 

Prof.  Liveridge,  F.  R.  S.,  Sidney,  New  South  Wales. 

Hon.  Minister  of  Mines,  Sidney,  New  South  Wales. 

Mr.  E.  P.  Ramsey,  Sidney,  New  South  Wales. 

Royal  Society  of  Queensland,  Brisbane,  Queensland. 

Royal  Society  of  South  Australia,  Adelaide.  South  Australia. 

Victoria  Pub.  Library,  Museum  and  Nat.  Gallery,  Melbourne,  Victoria. 

Prof.  W.  L.  Buller,  Wellington,  New  Zealand. 
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NORTH  AMERICA. 

Natural  Hist.  Society  of  British  Columbia,  Victoria,  British  Columbia. 

Canadian  Record  of  Science,  Montreal,  Canada. 

McGill  University.  Montreal,  Canada. 

Natural  Society,  Montreal,  Canada. 

Natural  History  Society,  St.  Johns,  New  Brunswick. 

Nova  Scotia  Institute  of  Science,  Halifax,  N.  S. 

Manitoba  Historical  and  Scientific  Society,  Winnepeg,  Manitoba. 

Dr.  T.  Mcllwraith,  Cairnbrae,  Hamilton,  Ontario. 

The  Royal  Society  of  Canada,  Ottawa,  Ontario. 

Natural  History  Society,  Toronto,  Ontario. 

Hamilton  Association  Library,  Hamilton,  Ontario. 

Canadian  Entomologist,  Ottawa,  Ontario. 

Department  of  Marine  and  Fisheries,  Ottawa,  Ontario. 

Ontario  Agricultural  College,  Guelph,  Ontario. 

Canadian  Institute,  Toronto. 

Ottawa  Field  Naturalists'  Club,  Ottawa,  Ontario. 

University  of  Toronto,  Toronto. 

Geological  Survey  of  Canada,  Ottawa,  Ontario. 

La  Naturaliste  Canadian,  Chicontini,  Quebec. 


La  Naturale  Za,  City  of  Mexico. 
Mexican  Society  of  Natural  History,  City  of  Mexico. 
Museo  Nacional,  City  of  Mexico. 
Socledad  Cientifioa  Antonio  Alzate,  City  of  Mexico. 

Sociedad  Mexicana  de  (lOographia  y  p]stadistica  de  la  Republica  Mexicana, 
City  of  Mexico. 


WEST  INDIES. 

Victoria  Institute.  Trinidad,  British  West  Indies. 

Museo  Nacional,  San  Jose,  Costa  Rica,  Central  America. 

Dr.  Annstasia  Alfjiro,  Secy.  National  Museum,  San  Jose.  Costa  Rica. 

Rafael  Arango,  Havana,  Cuba. 

Jamaica  Institute.  Kingston,  Jamaica,  West  Indies. 


SOUTH  AMERICA. 

Argentina  Historia  Natural  Florentine  Amegline,  Buenos  Ayres,  Argen- 
tine Republic. 
Mus(^e  de  la  Plata,  Argentine  Republic. 

Nacional  Academia  des  Ciencias,  Cordoba,  Argentine  Republic. 
Sociedad  Cientifica  Argentina,  Buenos  Ay  res. 


Museo  Nacional,  Rio  de  Janeiro,  Brazil. 
Sociedad  de  Geographia,  Rio  de  Janeiro,  Brazil. 

Dr.  Herman  von  Jhering,  Dir.  Zo<$L  Sec.  Con.  Geog.  e  Geol.  de  Sao  Paulo, 
Rio  Grande  do  Sul,  Brazil. 


Deutscher  Wlssenschaftlicher  Verein  in  Santiago,  Santiago,  Chili. 

Society  Scientiflque  du  Chili,  Santiago,' Chili. 

Sociedad  Guatemalteca  de  Ciencias,  Guatemala,  Guatemala. 
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.   .   .   program:   .   .   . 


OF   THE 


KlKTEENTTH   ANNUAL  JvlEETTING 


OF   THE 


Indiana  Academy  of  Science, 

STATE  HOUSE.  INDIANAPOLIS. 

December  27  and  28.  1899. 


OFFICERS  AND  EX-OFFICIO  EXECUTIVE  COMMITTEE. 

C.  H.  EiuEKM ANN,  President,     D.  W.  Dbnhis,  Vice-President,     John  S.  Wright,  Secretary. 
E.  A.  ScHOLTZB,  Aflst.  Secretary.  Gko.  W.  Brmtov,  Preas  Secretary. 

J.  T.  Scovbll,  Treasurer. 

C.A.Waldo,  W.  A.  Notes,  O.P.Hay,  J.  P.  D.  John, 

Tbom A8  Orat,  J.  C.  Arthur.  T.  C.  Mrndrnhali.,  John  M.  Coulter. 

Stanley  Coulter,  J.  L.  CAiirsKLL,  John  ('.  Branner,  Dayid  S.  Jordan. 
Amos  W.  Butler, 


The  sessions  of  the  Academy  will  be  held  in  the  State  House,  in  the  rooms  of  the  State 
Board  of  Af^riculture. 

Headquarters  will  be  at  the  Bates  House.  A  rate  of  $2.00  and  up  per  day  will  be  maile 
to  all  persons  who  make  it  known  at  the  time  of  registering  that  they  are  members  of  the 
Academy. 

Reduced  railroad  rates  for  the  members  can  not  be  obtained  under  the  present  ruling  of 
the  Traflic  Association.  Many  of  the  colleges  can  secure  special  rates  on  the  Yarions  roads. 
Those  who  can  not  do  this,  could  join  the  State  Teachers'  Association  and  thus  secure  a  one 
and  one-third  round  trip  fare.  M.  6.  THOMAS, 

C.  R.  DRYER, 

Committee. 


GENERAL  PROGRAM. 


Wednesday,  Dbcemrer  27. 
Meeting  of  Executive  Committee  at  the  Hotel  Headquarters 8  p.m. 

Thursday,  December  28. 

General  Session 9  a.  m.  to  12  m. 

Sectional  Meetings 2p.  m.  to6  p.  m. 
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LIST  OF  PAPERS  TO  BE  READ. 


ADDRESS   BY   THE  RETIRING    PRESIDENT, 

PROFESSOR  C.  H.  EIGENMANN, 

At  10  o'clock  Thursday  morninsr. 

Subject :    "  Degeneration  Illustrated  by  the  Eyes  of  the  Cave  Fishes." 


The  following  papers  will  be  read  in  the  order  in  which  they  appear  on  the  program! 
except  that  certain  papers  will  be  presented  "part  pastu"  in  sectional  meetings.  When  a 
paper  is  called  and  the  reader  is  not  present,  it  will  be  dropped  to  the  end  of  the  list,  unless 
by  mutual  agreement  an  exchange  can  be  made  with  another  whose  time  is  approximately 
the  same.  Where  no  time  was  sent  with  the  papers,  they  haye  been  uniformly  assigned  ten 
minutes.    Opportunity  will  be  given  after  the  reading  of  each  paper  for  a  brief  discussion. 

N.  B.—Bv  the  order  of  the  Academy^  no  paper  can  be  read  until  an  abstract  of  ite  contentt 
or  the  tprittenpaper  has  been  placed  in  the  hands  of  the  Secretary. 


GENERAL. 

1.  The  Florida  Gopher.  30  m W.  B.  Fletcher 

2.  Libraries  of  Microscopical  Slides,  5  m A.  J.  Bigney 

3.  A  Method  of  Registration  for  Anthropological  Purposes,  10  m., 

A.  W.  Butler 

♦4.    A  Vacation  Trip  to  the  San  Marcos,  Texas,  Caves  and  Springs, 

15  m C.  H.  Eigenmann 

*5.    A  New  Pathogenic  Yeast,  12  m R.  Lyons  and  L.  Rettger 

().    Aids  in  Teaching  Physical  Geography,  10  m V.  F.  Marsters 

7.  Some  Preliminary  Notes  on  the  Hygienic  Value  of  Various 

Street  Pavements  as  Determined  by  Bacteriological  An- 
alyses, 10  in S<^vi»rance  Burrage  and  D.  B.  Luten 

8.  Insects  as  Factors  in  the  Spread  of  Bacterial  Diseases,  20  m., 

Severance  BuiTage 

9.  House  Boats  for  Biological  Work,  10  m TT.  O.  Cox 

MATHEMATICS  AND  PHYSICS. 

10.  Tests  on  Some  Ball  and  Roller  Bearings,  12  m M.J.  Golden 

11.  Bearing-Testing  Dynamometer,  10  m M.  J.  Golden 

12.  The  Tooplor-IIoltz  Machine  for  Utn^ntgen  Rays,  5  m..  .J.  L.  Campbell 

*  Author  absent,  paper  not  presented. 
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13.  A  Proposed  Notation  for  the  Geometry  of  the  Triangle,  5  m., 

*.E.  J.  Aley 

14.  Some  Circles  CJonnected  with  the  Triangle,  8  m R.  J.  Aley 

15.  The  Point  P  and  Some  of  its  Propertiee,  8  m B.  J.  Aley 

♦16.    Applications  of  Group  Theory,  5  m D.  A.  Rothrock 

♦17.    Singularities  of  Certain  Continuous  Groups,  5  m B.  W.  Rettger 

♦18.    On  a  Family  of  Warped  Surfaces  Connected  by  a  Simple 

Functional  Relation,  20  m. .  .C.  A.  Waldo  and  B.  O.  Waldenmaier 

19.  Diamond  Fluorescence,  10  m A.  Lu  Foley 

20.  Some  Experiments  on  Locomotive  Combustion,  10  m..  J.  W.  Shepherd 

CHEMISTRY. 

21.  Some  Ionization  Experiments,  10  m P.  N.  Evans 

22.  Synthesis  of  the  2-3,  3-Trimethyl  cyclopentanone,   a  cyclic 

derivative  of  Camphor,  10  m W.  A.  Noyes 

BOTANY. 

23.  Contributions  to  the  Flora  of  Indiana,  VI.  10  m Stanley  Coulter 

24.  Some  Unrecognized  Forms  of  Native  Trees,  10  m Stanley  Coulter 

25.  Seedlings  of  Certain  Native  Herbaceous  Plants,  10  m 

Stanley  Coulter  and  Herman  Dorner 

26.  The  Resin  Ducts  and  Sti*engthening  Cells  of  Abies  and  Pieea, 

10  m  Herman  Domer 

♦27.    Kar>'okinesis  in  Magnolia  with  Special  Reference  to  the  Be- 

havior  of  the  Chromosomes,  10  m F.  M.  Andrews 

28.  A  Proteolytic  Enzyme  of  Yeast,  15  m Katherine  B.  Golden 

29.  Saechai'omyces  anomalus  Hansen  (?),  10  m Katherine  B.  Golden 

30.  Some  Problems  in  Corallorhiza,  8  m M.  B.  Thomas 

31.  Disappearance  of  Sedum  tematum,  5  m M.  B.  Thomas 

ZOOLOGY. 

♦32.  The  Kankakee  Salamander,  5  m T.  H.  Ball 

33.  The  Eye  of  the  Mole,  5  m J.  R.  Slonaker 

34.  Notes  on  Indiana  Birds,  10  m A.  W.  Butler 

35.  Hiologioal  Conditions  of  Round  and  Shriner  Lakes,  Whitley 

County,  Indiana,  10  m E.  B.  Williamsoti 


^  Aathor  absent,  pnper  not  presented. 
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♦;^r,.    The  Arthropods  of  the  San  Marcos  Caves  and  Springs,  10  m., 

Carl   Ulrich 

*3T.    The  Retinal  Pattern  of  Single  and  Double  Cones  in  the  Eyes 

of  Fishes,  10  in C.  H.  Eigenmann  and  G.  Shafer 

♦38.    Some  Notes  on  the  Blind.  Fish  Caves  at  Mitchell,  Indiana, 

5  m  C.  H.  Eigenmann 

39.    The    Eyes    of    Cambrus    pellucidus    from    Mammoth    Cave, 

10  m F.  M.  Price 

*4<K    The  Optic  I^bes  of  the  Blind  Fish,  Amblyopsis,  10  m.  .E.  B.  Ramsey 

♦41.    The  Cold-Blooded  Vertebrates  of  Winona  Lake  and  its  Vi- 
cinity, 5  m E.  E.  Ramsey 

42.    Cortex  CeUs  of  the  Mouse's  Brain,  10  m D.  W.  Dennis 

♦43.    Cocoon  Spinning  in  Lycoea,  5  m W.  J.  Moenkhaus 

♦44.    Some  Hybrid  Fishes,  10  ni W.  J.  Moenkhaus 

GEOLOGY. 

4.">.    The  I'hysical  Geography  of  the  Region  of  the  Great  Bond  of 

the  Wabash,  10  m W.  A.  McBetli 

4(;.    An  Interesting  Bowlder,  5  m W.  A.  McBeth 

47.    The  Headwaters     of  Salt  Creek  In  l^orter  County,  Indiana, 

10  m L.  F.  Bennett 

4S.    Weathering  and  Erosion  of  North  and  of  South  Slopes,  8  m., 

G.   Culbertson 

49.    A  Cranium  of  Castoroides  found  at  Greenfield,  Indiana,  5  m., 

Joseph  Moore 

to.    On  the  Waldron  Fauna  at  Tarr  Hole.  Indiana,  10  m.  .E.  R.  Cumings 

51.  The  Stream  Gradients  of  the  I^wer  Mohawk  Valley,  10  m., 

E.  R.  Cumings 

52.  Skull  of  Fassil  Bison,  10  m W.  G.  Middleton  and  Joseph  Moore 

^Aathor  absent,  paper  Dot  presented. 
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THE  FIFTEENTH  ANNUAL  MEETING  OF  THE 
INDIANA  ACADEMY  OF  SCIENCE. 


The  flfteentb  annual  meeting  of  the  Indiana  Academy  of  Science  was 
held  in  Indianapolis,  Thursday,  December  28,  1899,  preceded  by  a  session 
of  the  Executive  Committee  of  the  Academy,  9  p.  m.,  Wednesday,  De- 
cember 27. 

At  9  a.  m.,  December  28,  in  the  absence  of  the  President,  C.  H.  Eigen- 
mann,  Vice  President  D.  W.  Dennis  called  the  Academy  to  order  in  general 
session,  at  which  committees  were  appointed  and  other  routine  and  mis- 
cellaneous business  transacted.  After  the  disposition  of  these  affairs, 
the  address  of  the  retiring  President,  Dr.  C.  H.  Eigenmann.  was  read  by 
the  Vice  I*resident,  Dr.  D  W.  Dennis;  subject,  "Degeneration  Illustrated 
by  the  Eyes  of  Cave  Fishes.*'  Following  this  address,  imtll  adjournment 
at  12  m.,  the  Academy  wns  engaged  with  the  papers  of  the  printed  pro- 
gram under  the  title,  "General  Subjects." 

At  2  p.  m.  the  Academy  met  in  two  sections— biological  and  physico- 
chemical— for  the  reading  and  discussion  of  papers.  Vice  I'resident  Dennis 
presided  over  the  biological  section,  while  G.  W.  Benton  acted  as  chair- 
man of  the  physico-chemioal  section.  At  5  p.  m.  the  section  meetings 
adjourned  and  the  Academy  was  assembled  in  general  session  for  the 
transaction  of  business. 

Adjournment,  5:30  p.  m. 


THE  FIELD  MEETING  OF  1899. 

The  Field  Meeting  of  3899  was  held  at  Crawfordsville,  Thursday, 
Friday  and  Saturday,  Mny  25,  20  and  27. 

At  8:30  p.  m.  Thursday,  the  Executive  Committee  met  for  the  trans- 
action of  business. 

Friday  the  2(3th  was  spent  in  the  lield.  I^eaving  Crawfordsville  early 
in  the  morning,  the  party  traveled  by  carriages  to  Pine  Hills,  a  district 
which  afforded  excellent  tield  opportunities  to  the  botanists,  zoologists 
and  geologists.  The  return  to  Crawfordsville  was  made  by  way  of  Alamo 
and  Yountsville.  In  the  evening  the  Academy  was  given  a  reception 
at  the  residence  of  I*resident  Burroughs,  of  Wabash  College. 

iOn  Saturday  the  members  made  lield  excursions  to  the  north  of  Craw- 
fordsville, visiting  the  well-known  crinoid  beds  along  Sugar  Creek. 

The  Academy  is  greatly  indebted  to  the  local  members  for  their 
generous  and  thouglitful  hospitality,  which  was  a  prominent  feature  of 
the  meeting. 
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PRESIDENT'S  ADDRESS. 


DEGENERATION  IN  THE  EYES  OF  THE  COLD-BLOODED  VBRTE 
BRATES  OF  THE  NORTH  AMERICAN  CAVES. 

By  C.  H.  Eioenmann. 

''Degeneration,*'  says  Lankester,  "may  be  defined  as  the  gradual 
change  of  the  structure  In  which  the  organism  becomes  adapted  to  less 
varied  and  less  complex  conditions  of  life;  whilst  elaboration  is  a  gradual 
change  of  stiiicture  in  which  the  organism  becomes  adapted  to  moore  and 
more  varied  and  complex  conditions  of  existence." 

Degeneration  may  affect  the  organism  as  a  whole  or  some  one  part.  I 
propose  to  speak  not  on  degeneration  in  general  but  to  give  a  concrete  ex- 
ample of  the  degeneration  of  the  parts  of  one  organ. 

The  eyes  of  the  blind  veilebrates  of  North  America  lend  themselves 
to  this  study  admirably,  because  different  ones  have  reached  different 
stages  in  the  process,  so  by  studying  tliem  all  we  get  a  series  of  steps 
through  which  the  most  degenerate  has  passed,  and  are  enabled  to  reach 
conclusions  that  the  study  of  an  exti-eme  case  of  degeneration  would  not 
give  us. 

I  shall  confine  myself  to  the  cave  salamanders  and  the  blind  fishes 
(Amblyopsidae)  nearly  all  of  which  I  have  visited  in  thedr  native  haunts. 
The  salamanders  are  introduced  to  illuminate  some  dark  points  in  the 
degenenition  of  the  eyes  of  the  fishes  and  to  emphasize  a  fact  that  is 
forcing  itself  foi*ward  with  increasing  vehemence;  i.  e.,  that  cross-coun- 
try conclusions  are  not  warrantable;  that  the  blind  fishes  form  one  group 
and  the  salamanders  other  groups,  and  that  however  much  one  may 
help  us  to  und(Mstand  the  other,  we  must  not  expect  too  close  an  agree- 
ment in  tlie  stei>s  of  their  degeneration  under  similar  conditions. 

There  ai-e  tliree  cave  salamanders  In  North  America. 

1.  Spelerpes  maculicauda  is  found  generally  distributed  in  the  caves 
of  the  Mississippi  Valley.  It  so  closely  resembles  Spelerpes  longicauda 
that  it  has  not,  until  more  recent  years,  been  distinguished  from  the  latter, 
which  has  an  even  wider  epig%an  distribution.  There  Is  nothing  about 
the  structure  of  the  sahnnnndoi'  that  marks  it  as  a  rave  species,  but  its 
habits  are  conclusive. 
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2.  Typhlotriton  ie  much  more  restricted  in  its  distribution,  being  con- 
fined to  a  few  cavee  in  southwestern  Missouri.  I  have  taken  its  larvae 
at  the  mouth  of  Rocli  House  Cave  in  abundance.  In  the  deeper  recesses 
of  Marble  Cave  I  secured  both  young  and  adult  This  is  a  cave  species  of 
a  more  pronounced  type.  The  very  habit  that  accounts  for  the  presence 
of  salamanders  in  caves  has  l)een  retained  by  this  one.  I  found  some  In- 
dividuals hiding  (?)  under  rocks,  and  in  the  aquarium  their  stereotropic 
nature  manifests  itself  by  the  fact  that  they  crawl  into  glass  tubing,  rub- 
ber tubing  or  under  wire  screening.  In  the  eye  of  this  species  we  have 
some  of  the  early  steps  in  the  process  of  degeneration. 

3.  Typhlomolge  has  been  taken  from  a  surface  well  near  San  Marcos, 
Texas,  and  from  the  :trteslan  well  of  the  U.  S.  Fish  Commission  at  the 
samo  place.  The  artesian  well  taps  a  cave  stream  about  190  feet  from 
the  surface.  It  has  also  been  seen  in  the  undergrroimd  stream  of  Ezel's 
Cave  near  San  Marcos.  It  was  also  reported  to  me  from  South  of  San 
Antonio,  Texas.  This  is  distinctly  and  exclusively  a  cave  species,  and  its 
eyes  are  more  degenerate  tlian  tliose  of  any  other  salamander,  including 
the  European  Proteus.* 

The  Amblyopsidae  are  a  small  family  of  fresh-water  fishes  and  offer 
exceptional  facilities  for  the  study  of  the  steps  In  tlie  degeneration  of 
eyes.  There  are  at  least  six  species  and  we  have  gradations  in  habits 
from  i>ermanent  epiga^an  species  to  species  that  have  for  ages  been  es- 
tablished in  caves. 

The  species  of  Chologastcr  possess  well  developed  eyes.  One  of  them, 
C.  comutus.  Is  found  in  the  coast  streams  of  the  southeastern  States;  an- 
other, C.  papilliferus,  is  found  in  some  .springs  in  southwestern  Illinois, 
while  the  third,  C.  agasslzii,  lives  in  the  cave  streams  of  Kentucky  and 
Tennessee. 

The  other  meml>ers  of  the  family  are  cave  species  with  very  degener- 
ate eyes.  They  represent  three  genera  which  are  descended  from  three 
('p:ga*an   species.     Ainljlyopsis,   the  giant   of  the  race,  which   reaches  135 

*  It  may  be  noticed  that  the  eycf^  of  the  western  Typhlotriton  are  more  degenerate  than 
those  of  the  rnve  Spelcrpe?  of  wider  distribution.  Further  the  eyes  of  the  Texas  Typhlo- 
molge are  more  degenerate  than  those  of  the  Missouri  Typhlotriton.  Similarly  the 
Missouri  blind  fish  TroglichthyM  has  eyes  in  a  much  more  advanc'ed  state  of  degeneration  than 
the  Ohio  valley  blind  fishes.  It  is  possible  that  the  explanation  is  to  be  found  in  the  length 
of  time  the  cave«  in  these  regions  have  been  habitable.  During  the  glacial  epoch  tho  eave« 
of  the  Ohio  valloy  were  near  the  northern  limit  of  Tegotation.  The  Missoari  caves,  if 
aflfeoted  at  all  by  glariation,  must  have  become  habitable  before  those  of  the  Ohio  valley, 
while  those  of  Texas  were  probably  not  affected  at  all. 
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mm.  In  length,  is  found  iu  the  caves  of  the  Ohio  Valley.  Typhllchthys  is 
also  found  in  the  Ohio  valley  but  chiefly  south  of  the  Ohio  River.  But  a 
single  specimen  has  been  found  north  of  the  Ohio,  and  this  specimen  repre- 
sents a  distinct  species.  Troglichthys,  which  is  found  in  the  caves  of 
Missouri,  has  been  in  caves  longer  than  its  relatives,  If  the  degree  of  the 
degeneration  of  its  eyes  is  a  criterion. 

Before  dealing  with  the  degeneration  of  the  eye  a  few  words  are  in 
Older  on  the  nofrmal  structure  of  the  organ  under  consideration. 

In  the  normally  developed  eye  we  may  distinguish  a  variety  of  parts 
with  different  functions.    These  are: 

A.  Organs  for  protection  like  the  lid  and  orbits. 

B.  Organs  for  moving  the  eye  to  enable  it  to  receive  direct  rays  of 
light  In  the  cold-blooded  vertebrates  these  consist  of  four  rectus  muscles 
and  two  oblique. 

G.  Organs  to  suppoi't  the  active  structures,  the  fibrous  or  cartilagi- 
nous sclera. 

D.    The  eye  proper,  consisting  of: 

1.  Parts  for  transmitting  and  focusing  light;  the  cornea,  lens  and 
vitreous  body. 

2.  Parts  for  receiving  light  and  transforming  it  to  be  transmitted  to 
the  brain;  the  retina. 

3.  A  part  for  transmitting  the  converted  impression  to  the  brain;  the 
optic  nerve. 

Some  of  these,  as  the  muscles,  retina  and  optic  ner\'e,  are  active,  while 
others,  the  dioptric,  protective  and  supporting  organs,  are  passive. 

A.  In  the  Amblyopsidae  the  skin  passes  directly  over  the  eye  without 
forming  a  free  orbital  rim  or  lid.  The  skin  over  the  eye  in  Chologaster  is 
much  thinner  than  elsewhere  and  free  from  pigment.  In  the  other  genera 
of  the  family  the  eye  has  been  withdrawn  from  the  surface.  In  these  It 
lies  deep  beneath  the  skin,  and  the  latter,  where  it  passes  over  the  eye, 
has  assumed  the  structure  normal  to  it  in  other  parts  of  the  head. 

In  the  salamanders  we  have  a  perfect  gradation  in  the  matter  of  the 
eye  lids.  In  Spelerpes  a  free  orbitai  rim  is  present  in  every  resi>ect  like 
that  found  in  epigoean  salamanders.  In  Typhlotrlton  the  lids  are  closing 
over  the  eye.  The  slit  between  the  upper  and  the  lower  lid  is  much 
shorter  than  usual,  and  the  upper  lid  overlaps  the  lower.  The  con- 
junctiva is  still  normal.    The  eye  of  this  species  is  midway  between  the 

3— Sc'ence. 
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normal  salamander  eye  and  that  of  Typhlomolge  in  which  a  slight  thin- 
ning of  the  skin  is  all  there  is  to  indicate  its  former  modification  over 
the  eye. 

B.  The  muscles  to  change  the  direction  of  the  eye  ball  show  complete 
gradations  from  pei-fet^t  development  to  total  disappearance.  In  the 
species  of  Chologaster  all  the  muscles  are  nonnally  developed.  In  Ambly- 
opsis  the  muscles  are  unequally  developed,  but  one  or  more  are  always 
present  and  can  be  traced  from  their  origin  to  tbe  eye.  In  Trogilchthys 
the  distal  halves  of  the  muscles,  the  i>ai'ts  nearest  the  eye,  liave  been  re- 
placed by  connective  tissue  fibers;  1.  e..  a  tendon  has  replaced  part  of  the 
muscle.  Ileiv  we  have  a  step  in  advance  in  the  degeneration  found  in 
Amblyopsls  and  no  instance  was  noticed  where  aJl  the  muscles  of  any 
eye  were  even  developed  in  the  degree  descrlbe<l.  In  Typhlichthys  the 
muscles  have  all  (lisapi)eare<l. 

In  Tj'phlomolge  the  muscles  have  disapi)eare<l:  in  the  otlier  sala- 
mandei*s  they  are  present. 

C.  The  sclera  ia  in<lifferently  develoi>ed  in  Chologastor  and  there  is 
but  little  modiflcatioii  lu  the  si)ecies  with  more  degenerate  eyes,  except 
that  in  Amblyoixiis  ajid  Troglichthys  where  cartilaginous  bands  were 
evidently  prowent  In  tJie  epigapan.  ancestors  tliese  bands  have  persisted  in 
a  remarkable  degree,  being  much  too  large  for  the  minute  eye  with  which 
they  are  connei'teil.  In  lYoglichthys  they  form  a  hood  over  the  front  of 
tlie  eye  and  vaiious  projections  and  angles  In  their  endeavor  to  accommo- 
date thenjselves  to  tlie  siuall  structure  which  they  cover. 

This  is  in  striking  contrast  to  the  condition  In  Tj-phlotriton  where  but 
a  single  slight  niMliUe  of  cartilage  remains.  Even  this  is  frequently  ab- 
sent in  the  adult,  while  in  tJie  lar\ae  of  the  same  species  a  cartilaginous 
band  extends  almost  around  the  etjuator  of  the  eye.  The  different  effect 
of  degeneration  In  the  Amblyopsldae  and  the  salamander  could  not  be 
more  foiTlbly  illusitrated  than  by  the  scleaul  cartilages.  The  presence  of  a 
cartilagenous  band  in  the  young  Is,  ixxssibly,  a  larval  character,  and  its 
absence  in  tJi(»  adult  has.  In  that  case,  no  l>earing  on  phylogeoietic  de- 
genei-atlon. 

D.  The  eye  as  a  wliole  tuid  its  different  parts  may  now  be  considered. 
1.    The  diopti'ic  apparatus. 

The  stei)S  in  the  degeneration  of  the  eye  in  general  are  indicated  in 
the  accompanying  ligures. 
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EXPLANATION  OP  FIGURES. 

A.— I.  Dlagi-ams  of  the  eyes  of  all  the  species  of  the  Amblyopsldae 
aDfd  of  Typhloroolge. 

A— C.  tlie  eyes  of  Chologaster  comutus,  papilliferus  and  agaMnziI 
drawn  to  scale. 

D.  E,  G,  H,  I  axe  drawn  under  the  same  ma^ification. 

D.— The  retina  of  Chologaster  comutus. 

E.— The  retina  of  Chologaster  papilliferus. 

F.— The  eye  of  Typhlomolge  under  lower  magnification. 

G.— The  eye  of  Typhlichthys  subterraneus. 

H.— The  eye  of  Amblyopsis  spelaeus. 

I.— The  eye  of  Trogllehthys  rosae. 

• 
The  most  highly  developed  eye  is  that  of  Chologaster  papilliferus.  The 

parts  of  this  eye  are  well  proportioned,  but  the  eye  as  a  whole  Is  small, 
measuring  less  than  one  millimeter  in  a  specimen  55  mm.  long.  The  pro- 
portions of  this  eye  are  symmetrically  reduced  if  it  has  been  derived  from 
a  fish  eye  of  the  average  size,  but  the  retina  is  much  simpler  than  in  such 
related  pelagic  species  as  Zygonectee.  The  simplifications  in  the  retina 
have  taken  place  between  the  outer  nuclear  and  the  ganglionic  layers. .  The 
pigment  layer  has  not  been  materially  affected.  These  facts  are  exactly 
opposed  to  the  supposition  of  Kohl,  that  the  retina  and  the  optic  nerve  are 
the  last  to  be  affected  and  that  the  vitreous  body  and  the  lens  cease  to 
develop  early.  In  Chologaster  papilliferus  the  latter  parts  are  normal, 
while  the  retina  Is  simplified.  That  the  retina  is  affected  first  is  proved 
beyond  cavil  by  Chologaster  comutus.  The  vitreous  body  and  the  lens  axe 
here  larger  than  in  papilliferus,  but  the  retina  is  very  greatly  simplified. 
Comutus,  it  must  be  borne  in  mind,  lives  in  the  open.  The  eye  of  the  cave 
species  Chologaster  agassizli  differs  from  that  of  papilliferus  largely  in 
size.  There  is  little  difference  in  the  retinas  except  the  pigmented  layer, 
which  is  about  26  per  cent,  thinner  in  agassizli  than  in  pMipllliferus. 

There  is  a  big  gap  between  the  lowest  eye  of  Chologaster  and  the 
highest  eye  of  the  blind  members  of  the  Amblyopsldae.  The  lens  in  the 
latter  has  lofvt  its  fibrous  nature  and  is  merely  an  ill-defined  minute  clump 
of  cells  scarcely  distinguishable  in  the  majority  of  cases.  The  vitreous 
body  of  the  latter  species  is  gone  with  perhaps  a  trace  still  remaining  In 
Typhlichthys.     With  the  loss  of  the  lens  and  the  vitreous  body  the  eye 
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codlapsod  so  that  the  ganglionic  layer  formerly  lining  the  vitreous  cavity 
hofi  been  brought  together  in  the  center  of  the  eye. 

The  layers  of  the  retina  in  Typhlichthys  are  so  well  developed  that 
could  the  vitreous  boily  and  lens  be  adde<l  to  this  ej'e  It  would  stand  oa 
a  higher  plane  than  that  of  Chologaster  cornutus  exclusive  of  tlie  cones. 
It  is  generally  tnie  that  at  first  the  thickness  of  the  layers  of  tlie  retina 
is  increased  as  the  result  of  the  reduction  of  tlie  lens  and  vitreous  body 
and  the  conseiiuent  crowding  of  the  cells  of  the  retina,  whose  reduction  in 
number  does  not  kc^p  pace  with  the  retluction  in  the  dioptric  apparatus 
in  total  darkness. 

If  we  bear  in  mind  that  no  two  of  the  eyes  repi-esented  here  are  mem- 
l>ers  of  a  phyletic  series  we  may  be  pennitted  to  state  that  from  an  eye 
like  that  of  cornutus,  but  iK>sse8sing  scleral  c*artilages,  bath  the  eyes  of 
Amldyopsis  and  Troglichthys  have  bwn  derived  and  that  the  eye  of 
Amblyopsls  reprt^sents  one  of  the  stages  through  which  the  eye  of  Trog- 
lichthys passed.  The  eye  of  Amblyopsis  is  the  eye  of  C.  cornutus  minus  a 
vitreous  body  with  the  i)Ui)il  clo.»«ed  and  with  a  minute  lens.  The  nuclear 
layers  have  gone  a  step  further  in  tlieir  degeneration  than  in  cornutus.  but 
the  greatest  nuKlification  has  taken  i)la(*e  in  the  dioptric  arrangements. 

In  Troglichthys  even  the  mass  of  ganglionic  cells  present  in  tlie  center 
of  the  eye  as  the  ivsult  of  the  collapsing  after  the  reino\"al  of  the  vitreoos 
body  has  vanished.  The  pigmented  epithelium,  and  in  fact  all  the  other 
layers,  are  repres<Mitt^l  by  nun'e  fragments. 

The  eye  of  Typhlichthys  has  degenei-ated  along  a  different  line.  There 
ifl  an  almost  t>otal  loss  of  the  lens  and  vitreous  body  in  an  eye  like  that  of 
papilliferus  without  an  intervening  stage  like  that  of  corautus,  and  the 
pigment  layer  hm^  lost  its  pigment,  whereas  in  Amblyops-is  it  was  re>tained. 

The  salamandei-s  bridge  the  gaj)  existing  betwin^n  the  Chologasters  and 
the  blind  memb<n-s  of  tin*  Amblyopsidae.  But  even  at  the  risk  of  monot- 
onous reiK»tition  I  wtuit  again  to  call  attention  to  the  fact  that  the  sala- 
maiKlt^rs  do  noit  l)elong  to  the  same  si*rie«  as  the  Amblyopsidae.  The 
dioptric  arrangements  of  Typhlotrlton  are  all  normal;  the  retina  is  normal 
in  tiie  young,  but  the  nwls  and  coni»s  all  disappear  with  the  change  from 
the  larval  to  the  a<bUt  ccmdition.  In  Typhlomolge  the  lens  and  largely 
the  vitreous  iKxly  are  gone  and  the  eye  has  collai)»ed.  The  vitreous  body 
is,  however,  much  l>etter  represented  than  in  the  blind  Amblyopsidae  and 
the  Iris  is,  esi)ecially  in  the  young,  much  l)etter  developed  than  in  the 
fishes.  ; 
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2.    The  retina. 

(a)  There  is  more  variety  in  the  degree  of  development  of  the  pig- 
ment epithelium  than  in  any  other  structure  of  the  eye.  Ritter  has  found 
that  in  Typhlogobius  this  "layer  has  actually  inerc«i«ed  in  thiclcness  con- 
comitantly with  tlie  retardation  In  tlie  development  of  the  eye,  or  It  is 
quite  possible  with  tlie  degeneration  of  this  imrticular  part  of  it  •  ♦  ♦ 
An  Increase  of  pigment  is  an  incident  to  the  gradual  diminution  In  func- 
tional imiK^rtance  and  structural  completeness.*'  Tliere  is  so  much  varia- 
tion in  the  thicknees  of  this  layer  in  various  tishes  that  not  much  stress 
can  be  laid  on  the  absolute  or  relative  thickness  of  the  pigment  in  any  one 
species  as  an  imlex  of  degeneration.  Whiie  the  pigment  layer  is,  relative 
to  the  I'est  of  the  retina,  very  thick  in  the  si)ecie«  of  Chologaster,  it  is 
found  that  tlie  pigment  layer  of  Chologaster  is  not  much,  if  any,  thicker 
tlian  that  of  Zygonectes.  Exception  must  l)e  made  for  spe<*imeins  of  the 
extreme  size  in  paplllifenis  and  agassizii.  In  otlier  woixls,  primarily  the 
pigment  layei*  has  retaiuwl  its  normal  coaidition  while  the  rest  of  the 
retina  lias  l>een  simplifie<l,  and  there  may  even  he  an  increase  in  the 
thickness  of  tlie  layer  as  one  of  its  ontogenic  modifications.  Whetlier  the 
greater  thickness  of  tlie  pigment  in  the  old  Chologaster  is  due  to  degenera- 
tion or  the  greater  length  of  the  cones  In  a  twiPght  sixM?ies,  I  am  unable 
to  say.  In  Typhlichthys,  which  is  undoubtedly  <lerive<l  from  a  Chdo- 
gaster-like  ancestor,  no  pigment  is  developed.  Tlie  layer  retains  its  epi- 
thelial nature  and  remains  apparently  in  its  embrj'onic  condition.  It  may 
be  well  to  call  attention  hei*e  to  tJie  fac»t  tJiat  the  cones  ai^  \evy  sparingly 
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develope<l,  if  at  all,  Ln  this  species.  In  Amblyof)sis,  in  which  the  degenera- 
tion of  the  retina  has  gone  further,  but  in  which  the  cones  are  still  well 
developed,  the  pigment  layer  is  v€M*y  highly  developed,  but  not  by  any 
means  unifonuly  so  In  <lifferent  individuals.  The  pigment  layer  reaches 
its  greatest  point  of  reduction  in  rosae  where  pigment  is  sttll  developed, 
but  tlie  layer  is  fragmeiuary,  except  over  the  distal  part  of  the  eye.  We 
thus  find  a  development  of  pigment  with  an  luipei*ft»ct  layer  in  one  case 
and  a  full  developed  layer  without  pigment  In  another,  Typhlichthys.  In 
the  Chologasters  the  pigment  Is  In  part  prismatic:  In  the  othei*  species, 
granular.    Tlie  rods  disappear  before  the  cones. 

(b)  In  the  outer  nuclear  layer  a  complete  series  of  steps  Is  observa- 
ble from  the  two-layei-ed  condition  In  i>apllllferus  to  the  one-layered  In 
comutus  to  tlie  undefined  layer  in  Typhlichthys  and  the  merging  of  the 
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nuclear  layer  in  Amblyopsds,  and  their  occasional  total  absence  in  rosae. 
The  rods  disappear  first,  the  cones  long  before  their  nuclei. 

(c)  The  outer  reticular  layer  naturally  meets  with  the  same  fate  as 
the  outer  nuclear  layer.  It  is  well  developed  in  papillifenis,  eyident  iik 
comutus,  developed  in  spots  in  Typhlichthys,  and  no  longer  distinguish- 
able in  the  other  species. 

(d)  The  layers  of  horizontal  cells  are  represented  in  papilliferus  by 
occasionai  cells;  they  are  rarer  in  comutus  and  beyond  these  have  not 
been  detected. 

(e)  The  inner  nuclear  layer  of  bipolar  and  spongioblastic  cells  is  well 
developed  in  papilliferus.  In  co(mutus  it  is  better  devel<H;)ed  in  the  young 
than  in  the  older  stages  where  it  forms  but  a  single  layer  of  cells.  There 
is  evidently  in  this  species  an  ontogenic  simplification.  In  the  remaining 
species  it  is,  as  mentioned  above,  merged  with  the  outer  nuclear  layer  into 
one  layer  which  is  occasionally  absent  in  Troglichthys. 

(f)  The  inner  reticular  layer  is  relatively  better  developed  than  any 
of  the  other  layers,  and  the  conclusion  naturally  forces  itself  upon  one 
that  it  must  contain  other  elements  besides  fibres  of  the  bipolar  and  gan- 
glionic cells,  for,  in  Amblyopsis  and  Troglichthys,  where  the  latter  are  very 
limited  or  absent,  this  layer  is  still  well  developed.  Horizontal  cells  have 
omly  been  found  in  tlie  species  of  Chologaster. 

(g)  In  the  ganglionic  layer  we  find  again  a  complete  series  of  steps 
from  the  most  perfect  eye  to  the  condition  found  in  Troglichthys.  In 
papilliferus  the  cells  form  a  complete  layer  one  cell  deep,  except  where 
the  cells  have  given  way  to  the  optic  fibre  tracts  which  pa£S  in  among  the 
cells  instead  of  over  them.  In  cornutus  the  cells  have  been  so  reduced  in 
number  that  they  are  widely  separated  from  each  other.  With  the  loss 
of  the  vitreous  cavity  the  cells  have  been  brought  together  again  into  a 
continuous  layer  in  Typblichthys,  although  there  are  much  fewer  cells 
than  in  cornutus  even.  The  next  step  is  the  formation  of  a  solid  core  of 
ganglionic  cells,  and  the  final  step  the  elimination  of  this  central  core  in 
Troglichthys,  leaving  but  a  few  cells  over  the  anterior  face  of  the  retina. 

(h)  Mtillerian  nuclei  are  found  in  all  but  Amblyopsis  and  Troglichthys. 
In  C.  comutus  they  lie  in  part  in  the  inner  reticular  and  the  ganglionic 
layer.  Cells  of  this  sort  are  probably  also  found  among  the  ganglionie 
cells  of  Typblichthys. 

3.  The  optic  nerve  shows  a  clear  gradation  from  one  end  of  the  series 
of  fishes  to  the  other.    In  Chologaster  papilliferus  it  reaches  its  maximum 
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•deyelopment  In  cornutus,  which  possesees  an  eye  larger  than  papillif- 
erua,  but  In  which  the  ganglionic  layer  Is  simplified,  the  nerve  is  measur- 
4ibly  thinner.  In  Typhlichthys  the  nerve  can  be  traced  to  the  brain  even 
in  specimens  40  mm.  long;  i.  e.,  in  specimens  which  are  evidently  adult. 
In  Amblyopsis  the  nerve  can  be  followed  to  the  bi-ain  in  specimens  25 
mm.  long,  but  in  the  adult  I  have  never  been  able  to  follow  it  to  the  brain. 
In  Troglichthys  it  has  become  so  intangible  that  I  have  noft  been  able  to 
trace  it  for  any  distance  beyond  the  eye. 

We  thus  see  that  the  simplification  or  reduction  in  the  eye  is  not  a 
horizontal  process.  The  purely  supporting  structure,  like  the  scleral  car- 
tilages have  been  retained  out  of  all  proportion  to  the  rest  of  the  eye.  The 
pigment  layer  has  been  both  quantitatively  and  qualitatively  differently 
affected  in  different  speclee.  There  was  primarily  an  increase  in  the  thick- 
ness of  this  layer,  and  later  a  tendency  to  total  loss  of  pigment  The 
degeneration  has  been  more  uniformly  progressive  in  all  the  layers  within 
the  pigment  layer.  The  only  possible  exception  being  the  Inner  reticular 
layer  which  probably  owes  its  retention  more  to  its  supporting  than  to  its 
nervous  elements.  Another  exception  is  found  in  the  cones,  but  their  de- 
gree of  development  is  evidently  associated  with  the  degree  of  develop- 
ment of  the  pigmented  layer.  As  long  as  the  cones  are  developed  the  pig- 
mented layer  is  well  developed  or  vice  versa. 

We  find,  in  general,  that  the  reduction  in  size  from  the  normal  fish 
-eye  went  hand  in  hand  with  the  simplification  of  the  retina.  There  was  at 
first  chiefly  a  reduction  in  the  number  of  many  times  duplicated  parts. 
Even  after  the  condition  in  Ohologaster  papilliferus  was  reached  the  de- 
generation In  the  hiatological  condition  of  the  elements  did  not  keep  pace 
with  the  reduction  in  number  (vide  the  eye  of  comutus).  The  dioptric 
apparatus  disappeared  rather  suddenly  and  the  eye  as  a  consequence  col- 
lapsed with  equal  suddenness  in  tliose  members  which,  long  ago,  took  up 
their  abode  in  total  darkness.  The  eye  not  only  collapsed,  but  the  number 
of  elements  decreased  very  much.  The  i^uction  was  in  the  hoiizontally 
repeated  elements.  The  vertical  complexity,  on  which  the  function  of  tlie 
retina  really  depends,  was  not  greatly  modified  at  first. 

In  those  species  which  took  up  their  abode  in  total  darkness  the  de- 
generation in  the  diopti-ic  apparatus  was  out  of  proportion  to  the  degen- 
eration of  the  retina,  while  in  those  remaining  above  groimd  the  retinal 
structures  degenerated  out  of  proportion  to  the  changes  in  the  dioptric 
apparatus,  which,  according  to  this  view,  degenerates  only  under  condi- 
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tions  of  total  disuse  or  total  darkness,  which  would  necessitate  total  difl- 
use.  This  view  is  upheld  by  the  conditions  found  in  Typhlogobius,  as 
Ritter's  drawings  and  my  own  preparationfi  show.  In  Typhlogobius  the 
eye  is  functional  in  tlie  young  and  remains  a  light-percei>ing  organ 
throughout  life.  The  fish  live  umler  rocks  between  tide  wa.ter  (Eigenmann 
90).  We  have  here  an  eye  in  a  condition  of  partial  use,  and  the  lens  is  not 
affected.  The  redna  has,  on  the  other  hand,  been  horizontally  reduced 
much  more  than  in  the  Amblyopsidae,  so  that  should  the  lens  disappear,, 
and  Rittor  found  one  specimen  in  which  it  was  gone,  the  type  of  eye  found 
in  Troglichthys  would  l)e  reached  without  passing  through  a  stage  found 
In  Amblyopsis;  it  would  be  simply  a  horizontal  contracting  of  the  retina, 
not  a  collapsing  of  the  entire  eye. 

The  question  may  with  propriety  be  asked  here,  Do  the  most  degen- 
erate ej'es  approach  the  condition  of  the  pineal  eye?  It  must  be  answered 
negatively. 


ONTOGEXIC  DEGENERATION. 

The  developmental  side  of  this  question  will  he  taken  up  with  the  de- 
velopment of  the  eye  in  Amblyopsis. 

The  simplification  of  the  eye  in  comutus  has  been  mentionetl  in  the 
foregoing  paragiaphs.  It  may  be  rt»called  that  the  nucleoir  layers  are 
thinner  in  the  old  than  in  the  young.  Thoi^  is  here  not  so  much  an  elim- 
ination or  destnicticm  of  element  as  a  simplification  of  the  arrangemenits 
of  parts,  companitively  few  being  pi\»sent  to  start  with. 

The  8tei)s  In  outogenic  degeneration  cam  not  l)e  given  with  any  degree 
of  finality  foi*  Amblyoixsis  on  account  of  the  great  variability  of  the  eye 
in  the  adult.  Wliilo  the  eyes  of  the  very  old  have  unquestionably  degen- 
erated, there  is  no  m«ins  of  determining  what  the  exact  condition  of  a 
given  eye  was  at  its  prime.  In  the  largest  individual  examined  the  eye 
was  on  one  side  a  rnv^-e  jumble  of  s<'arcely  distinguishable  cells,  the  pig- 
ment cells  and  scleral  cartilages  l>i»iug  the  only  tilings  tliat  would  permit 
its  recognition  as  an  eye.  On  Uie  other  side  the  degree  of  development 
was  l)etter.  The  sclei"al  cai-tilages  are  not  affeK*ted  by  the  degenerative 
processes  and  ai-e  the  only  structiues  tliat  ai*e  not  so  affected.  The  fact 
that  the  eyes  are  un^lergolng  ontogenic  degeneration  may  be  taken,  as 
8uggeste<l  by  Kohl,  tliat  these  eyes  have  not  yet  reached  a  condition  of 
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eqiiilibriiini  with  their  envirouiuont  or  the  demands  made  upon  them  by 
use.  Fiirtliwmoi'e,  the  ri»«ult  of  the  ontogenic  dejj^eneratJon  is  a  type  of 
stnietiire  below  anything  found  in  phylogeny.  It  is  not  so  mucli  a  reduc- 
tion of  the  indiviiluaJ  imrta  as  it  is  a  wiping  out  of  all  parts. 

PLAN  AND  PKOCESS  OF  PIIYLETIC  DEFENERATION. 

Does  degeneration  follow  the  reverse  order  of  development,  or  does  it 
follow  new  lines,  and  if  so,  what  detei'mines  these  lines? 

Before  dis<-ussing  this  point  I  should  like  to  call  attention  to  some  of 
the  proeess<»s  of  (Mitogenlc  development  coneeraed  in  the  development  of 
the  eye.  Tliere  aiv  three  processes  that  are  of  impoi-tance  in  this  connec- 
tion. 1.— The  multiplication  of  cells.  2.— Tlie  arrangement  of  cells,  tn- 
eludlng  all  of  the  processes  leading  to  mon>hogenesis.  Frequently  the 
ftret  pi-ocess  continues  after  the  second  one  has  been  In  operation.  3.— 
La.stly.  we  have  the  gi-owth  ami  modiflcatjon  of  the  cell«  in  their  respec- 
tive places  to  adapt  them  to  the  paitlcular  functions  they  are  to  subserve— 
histogenesis.  Since  the  ontogenic  development  of  the  eye  is  supposed  to 
follow  in  gt^neraJ  »lines  its  phyletJc  development,  the  question  resolves 
itself  into  whether  or  not  the  eye  is  arrested  at  a  certain  stage  of  its  de- 
velopment and  whether  this  causes  cea^ain  organs  to  l>e  cut  off  from  de- 
velopment altogether.  In  this  sense  tlie  question  has  l>e(»n  answered  in 
the  atfirmative  by  Kohl.  Ritter,  while  unable  to  come  to  a  definite  con- 
clusion, notes  the  fact  that  In  one  individual  of  Typhlogobius,  the  lens, 
which  is  phyletically  a  new  structure,  liad  disapi>eared.  But  this  lens  had 
probably  lKM»n  remove<l  as  the  ivsult  of  degeneration  rather  than  through 
the  lack  of  development. 

Kohl  supi>oses  that  in  animals  placed  in  a  conilition  where  light  was 
shut  off  more  or  less  some  of  the  developmental  processes  are  retarded. 
In  succt*»sive  gt»nerations  earlier  and  earlier  pnx^sses  in  the  development 
of  the  eye  are  retailed  and  Anally  brought  to  a  standstill;  thus  every  suc- 
ceeding generation  develop^Ml  the  eye  less.  Total  absence  of  light  must 
finally  i)n»vent  the  entire  anhjge  of  the  eye.  but  time,  he  thinks,  has  not 
been  long  enough  to  accomplish  this  in  any  veitebrate. 

The  c<»ssation  of  development  does  not  take  plact*  at  tlie  same  time  in 
all  parts  of  the  eye*.  The  less  important,  those  not  t>ss(*ntJaJ  to  the  i>ercep- 
tion  of  light,  are  dlsturbe<l  first.  The  retina  and  the  optic  nerve  are  the 
last  affected;   the   iris  comes  next  in  the  seri<»s.     Bei*ause  the  cornea. 
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aqueous  and  vitreous  bodies  and  the  lens  are  not  essential  for  the  per- 
formance of  the  function  of  the  eye,  these  structures  cease  to  develop 
early.  The  processes  of  degeneration  follow  the  same  rate.  Degeneration 
is  brought  about  by  the  falling  apart  of  the  elements  as  the  result  of  the: 
introduction  of  connective  tissue  cells  that  act  as  wedges.  Abnormal  de- 
generation sometimes  becomes  manifest  through  the  cessation  of  tlie  i^ 
ductiou  of  parts  (p.  209)  that  normally  decrease  in  size,  so  that  these  parts 
in  the  degenerate  organ  are  unusually  large. 

Kohl's  theoretical  explanation  here  given  somewhat  at  length  is  based 
on  the  study  of  an  extensive  series  of  degenei'ate  eyes.  He  has  not  been 
able  to  test  the  theory  in  a  series  of  animals  living  actually  In  tlie  condi- 
tion he  supposes  for  them,  and  has  permitted  his  erroneous  interpretation 
of  the  highly  degenerate  eye  of  Trogliclrthys  to  lead  him  to  the  theory 
of  the  arresting  of  the  eye  In  ever  earlier  stages  of  ontogeny.  The  eye  of 
Troglichthys  is  in  an  entirely  different  condition  from  that  supposed  by 
him.  The  mere  checliing  of  the  normal  morphogeuic  development  has 
done  absolutely  nothing  to  bring  about  this  condition,  and  it  could  not 
have  been  produced  by  the  checking  of  development  in  ever  earlier  and 
earlier  stages  of  ontogeny,  foi'  there  is  no  stage  in  normal  ontogeny  re- 
sembling In  the  remotest  degree  the  eye  of  Troglichthys.  The  process  of 
degeneration  as  seen  in  the  Amblyopsidae  is  in  the  first  instance  one  of 
growing  smaller  and  simpler  (not  more  primitive)  in  the  light,  not  a  cut- 
ting off  of  late  stages  In  the  development  in  the  darlc.  The  simplified  con- 
dition, it  is  tiiio,  appeai-8  earlier  and  earllei-  in  ontogeny  till  it  appears 
along  the  entire  line  of  development,  even  in  the  earliest  stages.  The  ten- 
dency for  characters,  added  oi*  modified  at  the  end  of  ontogeny,  to  appear 
earlier  and  earlier  in  the  ontogeny  is  well  known  and  there  is  no  inherent 
reason  why  an  organ  disappearing  in  the  adult  should  not  eventually  dis- 
appear entirely  from  ontogeny.  The  fact  that  organs  which  have  disap- 
peared in  the  adult  have  in  many  instances  not  also  disappeared  in  the 
ontogeny,  and  I'emain  as  so-called  rudimentai'y  organs,  has  received  an  ex- 
planation from  Sedgwick.  In  his  re-examination  of  the  biogenetic  law  he 
came  to  the  conclusion  that  "the  only  functionless  ancestral  structures, 
which  are  present  in  development,  are  those  which  at  some  time  or  an- 
other have  l>een  of  use  to  the  organism  during  its  development  after  they 
have  ceased  to  be  so  in  the  adult" 

The  length  of  time  in  such  cases  since  the  disuse  of  such  an  organ  in 
the  young  is  much  shorter  than  that  since  its  disuse  in  the  adult. 
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All  organs,  functlonlees  in  the  adult  but  functional  in  the  early  on- 
togeny, develop  in  the  normal  way.  Organs  no  longer  functional  at  any 
time  dwindle  all  along  the  line  of  development.  In  Typhlogobius,  where 
the  eye  is  functional  in  the  young,  it  develops  in  full  size  in  the  embryo, 
and  it  is  not  till  late  in  life  that  degeneration  is  noticeable.  In  Ambly- 
opsis,  on  the  other  hand,  whei-e  the  eye  has  not  been  functional  at  any 
period  of  ontogeny  for  many  generations,  where  the  eye  of  both  young 
and  adult  lost  their  functions  on  entering  the  caves  and  where  degenera- 
tion begins  at  an  early  period  and  continues  till  death,  the  degenerate  con> 
dition  has  reached  tlie  early  stages  of  the  embryo.  It  is  only  during  the 
first  few  hours  that  the  eye  gives  promise  of  becoming  anything  more 
than  it  eventually  does  become.  The  degree  of  degeneration  of  an  organ 
can  be  measured  as  readily  by  the  stage  in  ontogeny  when  the  degenera- 
tion becomes  noticeable  as  by  the  structure  in  the  adult.  The  greater  the 
degeneration  the  further  back  in  the  ontogeny  the  degenerate  condition 
becomes  apparent,  unless,  as  stated  above,  the  organ  is  of  use  at  some 
time  in  ontogeny.  It  is  evident  that  an  organ  in  the  process  of  being  per- 
fected by  selection  may  be  crowded  into  the  early  stages  of  ontogeny  by 
poet  selection.  Evidently  the  degenerate  condition  is  not  crowded  back 
for  the  same  reason.  How  it  is  crowded  back  I  am  unable  to  say.  A 
satisfactory  explanation  of  this  will  also  be  a  satisfactory  explanation  of 
the  process  by  which  individually  acquired  cnaracteristics  are  enabled  to 
appear  in  the  next  generation.  The  facts,  which  are  patent,  have  been 
formulated  by  Hyatt  in  his  law  of  tachygenesJs  (Hyatt  IX). 

Cessation  of  development  takes  place  only  in  so  far  as  the  number  of 
cell  divisions  are  concerned.  The  number  of  cell  generations  produced 
being  continually  smaller,  result  in  an  orgacf  as  a  consequence  also 
smaller.  In  this  sense  we  have  a  cessation  of  development  (cell  division, 
not  morphogenic  development)  in  ever  earlier  stages.  That  there  is  an 
actual  retardation  of  development  is  evident  from  Amblyopsls  and  Typh- 
lichthys  In  which  the  eye  has  not  reached  Its  final  form  when  the  fish  are 
35  mm.  long. 

Histogenic  development  is  a  prolonged  process  and  ontogenic  degen- 
eration Is  still  operative,  at  least  In  Amblyopsls. 

Degeneration  in  the  Individual  is  not  the  result  of  the  ingrowth  of 
connective  tissue  cells  as  far  as  I  can  determine.  It  is  rather  a  process 
of  starving,  of  shriveling  or  resorption  of  parts. 
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From  the  foregoing  It  is  evident  that  degeneration  has  not  proceeded 
in  the  reverse  order  of  development;  i-atlier  the  older  normal  stages  of 
onrtx)genic  develc^pment  have  been  modifie<l  into  the  more  receot  phyletic 
stages  through  which  the  eye  has  passed.  The  a<1iilt  degenerate  eye  is 
not  an  arrested  outogenic  st;ige  of  development  but  a  new  adaptation,  and 
thei'e  is  an  attempt  in  ontogeny  to  reach  the  degenerate  adult  condition 
in  the  most  dirc^ct  way  possible. 


The  Florida  Qopuer. 

By  Wm.  B.  Fletcher. 

If  there  is  any  one  animal  peculiar  to  the  United  States  and  limited 
in  its  habits  to  a  very  small  swtion,  it  is  the  Florida  Gopher  (Testudo 
Polyphemus  (Daudin)  Zerohntes  Caroliuus  Ag.).  which  is  found  in  all  the 
pine  barrens  and  sandy  uplands  of  Florida,  and,  but  rarely,  in  parts 
of  Alabama  and  G(M>rgia:  never  north  of  the  Savannah  River. 

The  woixl  goi)her  comes  from  the  old  French,  and  means  to  honey- 
comb, make  numerous  holes  or  buiTow,  and  by  the  early  French  settlers 
was  Indiscriminately  employed  to  designate  all  burrowing  animals.  To 
nearly  all  i>emoim  living  outside  of  the  three  States  mentioned,  the  word 
gopher  Indicates  oih>  of  the  pouched  rotleuts,  rats  or  squirrels  which 
burrow  in  the  ground  and  are  found  fi-om  Illinois  west  to  the  Pacific 
coast  and  all  over  the  soutlnvestern  States.  What  we  call  gophers  In  the 
North  are  called  salamaiwlers  in  the  South. 

Had  nature  intende<l  to  put  into  any  one  animal  the  characteristics  of 
all  tluit  is  harmless,  i>atient,  kind  and  non-reslstent,  it  is  found  in  the 
gopher.  Possessing  greater  strength  in  proportion  to  its  size  than  any  of 
the  vertebra ta,  yet  it  never  attacks  other  animals  or  defeitds  itself  from 
them  except  by  withdrawing  its  head  and  legs  within  the  protection  of  Its 
shell;  the  horny  fore-arms  and  hands,  as  it  were,  placed  over  the  head 
and  face,  making  a  complete  armor  against  the  foe.  no  matter  how  sharp 
the  teetli  or  claw  may  be,  or  how  i)owerful  the  jaw  of  the  attacking 
animal. 

The  habits  of  the  gopher  are  those  of  peace  and  quietude,  except  in 
the  rare  instances  of  personal  contests  with  its  kind.     While  It  is  true 
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that  they  at^  frequentlj'  seen  iu  numbei's  of  ten  to  twenty  grazing  in  the 
same  locality  like  so  many  cattle,  it  is  rare  to  see  them  close  together, 
and  there  is  seemingly  no  bond  of  communication  between  them,  for  the 
gopher  is  an  animal  of  almost  perfect  silence  and  the  only  approach  to 
vocal  sounds  Is  a  slight  hiss  as  the  head  is  suddenly  drawn  in,  compres- 
sing the  lungs  and  forcing  the  air  quickly  through  the  chink  of  the  glottis; 
and  I  have  sometimes  thought  I  recognized  a  faint  **mew"  like  that  of  a 
kitten. 

The  gopher  is  a  most  strict  vegetarian  in  his  native  State,  but,  under 
domestication,  will  learn  to  drink  milk,  to  eat  salads  of  various  kinds, 
prepareil  with  dressing  of  eggs,  condiments,  etc.  He  heartily  abjures  all 
kinds  of  flesh  or  Insect**,  and  would  starve  before  eating  either.  He  does 
not  seem  lucllnetl  to  scx'lal  life  with  his  own  kind,  and  Invariably  lives 
alone,  save  for  the  companionshii)— either  by  accident  or  from  choice — of 
the  white  and  mottled  frog,  or  cricket,  that  Is  almost  always  found  in  his 
home,  and  which  Is  known  to  tlie  native  Floridian  as  his  "familiar."  The 
gopher  is  thus  an  exami>le  of  absolute  independence,  each  dwelling  alone 
In  his  or  her  own  home;  never  have  I  found  two  in  one  house,  and  I  know 
of  none  having  calling  acquaintances.  Tlie  female  deposits  hei*  eggs,  from 
one  to  two  dozen  in  numl>er,  In  the  sand  at  the  entrance  to  her  buiTow, 
covers  them  up  to  the  depth  of  four  Inches,  and  then  her  domestic  duties 
to  her  family  are  emled;  she  may  sit  at  the  doorway  and  chew  her  cud 
when  the  weather  Is  agreeable,  that  Is,  not  raining,  or  too  hot  from  the 
direct  rays  of  the  sun.  She  may  at  times  cover  her  deix)slt  with  her  im- 
penetrable shell  to  keep  them  from  the  opossum  or  meandering  coon;  but 
one  thing  is  certain,  when  the  eggs  are  hatched  by  the  heat  of  the  May 
sun,  each  little  gopher— an  Inch  In  diameter— goes  for  Itself,  finds  its  own 
food,  makes  its  own  house  and  is  i^ecognlzed  as  an  Independent  citizen 
from  tlie  very  shell. 

When  driving  tlirough  the  pine  barrens  one  will  sometimes  pass  a 
dozen  or  more  of  these  animals  grazing  witliln  a  few  himidred  feet  of  one 
another.  They  swing  along  wltli  heads  tJirust  forward  much  as  If  the 
neck  were  a  cable  and  the  head  the  motive  power,  drawing  a  heavy  In- 
verted basin  behind.  Coming  to  a  tuft  of  wire  grass  or  other  crisp  or  ten- 
der herbage  they  draw  It  in  by  the  tongue,  cut  It  off  sharply  by  the  triple 
row  of  sharp,  seiTate  teeth-like  edges  of  this  homy  layer  of  the  jaws  and 
swallow  It  down  wltliout  mastication.  The  animal  w^ll  give  little  heed 
to  your  presence  or  that  of  your  d(^,  unless  quite  near  his  hole,  but  will 
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draw  himself  within  his  shell  and  remain  pei*fectly  quiet  for  from  ane  to 
five  minutes,  and  then  proceed  with  his  journey  or  browsing,  provided 
you  keep  still,  even  thougli  you  are  within  three  feet  After  feeding  he 
returns  to  his  abode  and  proceeds  to  masticate  the  eofii*8e  hetrbage  in- 
Jested.  It  is  almost  comical  to  see  him  sitting  beside  his  doorway,  his 
black  skinny  head  thrust  out,  chewing  with  great  satisfaction  the  morn- 
ing's repast.  It  looks  like  a  caricature  of  a  Florida  cracker  sitting  at  the 
open  window  of  his  cabin  chewing  tobacco;  but  the  gopher  doesn't 
expectorate. 

The  average  size  of  the  full-grown  gopher  is  twelve  and  one-half 
inches  in  longitudinal,  and  fourteen  In  transverse  measure  of  the  shell, 
the  latter  measurement  being  greater  because  the  enameled  shell  bends 
underneath  to  join  the  plastron,  or  breast  bone,  as  we  might  call  It.  When 
the  head  and  legs  are  drawn  in  (the  animal  has  no  tail)  from  every  aspect 
there  is  an  arch,  compressed,  it  is  true,  at  the  base,  and,  In  the  very  old, 
slightly  so  on  the  top.  It  is  from  this  peculiar  structui-e  that  a  gopher  in 
good  condition,  weighing  eight  and  one-half  pounds,  can  lift  two  hundred 
pounds  when  balanced  centrally.  I  have  seen  two  small  gophers,  weigh- 
ing four  pounds  each,  attached  to  a  cart  as  oxen,  draw  two  lads  weighing 
together  one  hundred  and  twenty  pounds. 

On  December  the  thii*d,  last,  I  took  Henrj'  Jordan,  a  very  intelligent 
native  colored  man,  with  me,  and  went  out  to  get  some  gophers  for  dis- 
section. About  a  mile  from  Palm  Springs,  Florida,  there  is  a  tract  of 
countiT,  which,  eight  years  ago,  contained  most  valuable  orange  groves, 
as  the  long  rows  of  big  dead  stumps  of  orange  trees  testify.  It  has  been 
abandoned  and  the  tonantless,  decaying  villas,  with  pine  and  palm  trees 
shooting  up  tlirough  their  rotting  porches  and  roofs,  and  mats  of  climbing 
roses  and  jasmine  creeping  through  the  open  doors  and  windows  plainly 
show.  Ill  these  abandone^l  fields  the  gopher  has  taken  up  his  habitation. 
On  a  space  of  ten  acres  I  counted  some  fifty  gopher  holes.  The  soil  is 
typical  of  Florida  uplands— yellowish  brown,  or  like  white  salt,  is  the 
sand  through  which  some  coarse  weeds  and  grasses  emerge  in  tufts. 
Wherever  you  see  a  pile  of  sand,  apparently  as  much  as  two  flour  barrels 
would  hold,  slightly  spread  out  in  front  of  an  arched  doorway,  and  in  that 
sand  see  the  prints  of  the  dragging  shell  and  toe  points  going  inward  to 
the  door,  you  can  safely  say  that  Mr.  or  Mrs.  Gopher  will  receive  eall^:^ 
at  home. 

The  character  of  the  soil  or  sand  in  which  the  gopher  loves  to  delve 
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much  resembles  a  very  light  brown  sugar,  containing  so  much  moisture 
that  you  may  thrust  your  cane  into  it,  and  withdrawing,  leave  a  hole. 
We  find  an  entrance  to  the  burrow,  which  has  a  hallway  perhape  three 
feet  wide  and  tapering  In  eighteen  inchee,  with  a  do\^Tiward  slant  to  the 
opening  proper;  here  we  come  to  an  arch,  one-third  of  a  circle,  over  a 
horizontal  base  which  measures  fourteen  inches;  we  take  a  long  rod  and 
thrust  down  the  incline  and  find  it  goes  eight  feet  at  an  angle  of  forty- 
five  degrees  and  then  turns;  we  lay  the  rod  on  top  of  the  ground  in  the 
same  direction,  and  dig  a  foot  or  two  beyond  our  measure,  then  down,  and 
strike  the  hole;  from  this  point  the  burrow  changee  direction  twice,  but 
always  an  easy  incline  downward,  the  sand  gradually  becoming  more 
damp  as  we  proceed.  After  we  had  made  a  trench  some  twelve  feet  from 
the  entrance  large  enough  to  stand  and  work  in,  and  six  feet  deep,  I  asked 
Heniy  how  far  he  thought  we  must  go  before  we  got  the  gopher.  "Well, 
we  must  jist  go  on  dis  road  till  we  git  him,  if  it  takes  a  hundred  yards." 
After  digging  four  feet  more  and  still  down,  Henry  handed  up  a  bleached* 
cockroach,  remarking,  **We's  most*  got  um;  here's  one  of  his  'familiars,' 
and  when  we  come  to  de  white  frog  we's  got  um  shore."  Sure  enough 
it  was  so,  for  the  si>ade  went  four  feet  more  and  we  could  hear  it  grate 
on  the  shell;  at  the  same  time  a  white  frog  Jumped  out  It  was  a  bright- 
eyed  little  fellow,  with  transparent  legs  and  toes.  A  few  black  specks 
about  his  head  made  a  pretty  contrast  to  his  sparkling  gold-ringed  iris. 
"Hold  on,  Henr>',"  I  said,  "let  me  pull  out  that  gopher;  I  fear  you  will 
scratch  him  with  the  spade."  "You  can't  pull  him  out  wid  an  ox  team," 
was  the  reply.  "WeJl.  get  out  of  my  way  and  I  will  show  you;  he  can 
have  no  purchase  in  this  wet  sand."  So  in  I  went,  "belly  flat,"  as  the 
boys  say  when  coasting,  squeezing  myself  into  the  hole  until  I  got  my 
hand  on  tlie  shell.  There  were  no  hind  legs  to  be  found,  and  the  wet  oval 
shell  was  so  slippery  I  had  to  give  it  up  and  be  drawn  out  myself  by  the 
legs.  "I'll  show  you  how  to  get  Mm  widout  scratchin'  de  shell,"  said 
Henry,  and  he  proceeded  to  make  a  cave  under  the  gopher.  Into  this  he 
droppetl,  was  scouped  out  and  handed  over.  W^e  had  dug  twenty  feet, 
making  the  gophei-'s  hole  twenty-eight  feet  long  and  eight  deep.  In  Indi- 
ana soil  we  would  have  had  a  half  day's  job  to  make  this  excavation, 
which,  in  this  soft  moist  soil,  required  one  hour  ajid  a  quarter.  The 
pointed,  scouped  spade  used  can  be  pushed  into  the  soft  sand  without 
using  the  foot  to  propel  it. 

4--Science. 
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We  (iiig  out  four  other  gophers  aiid  fouml  there  is  no  particular  rule  in 
the  builiier's  mind  as  to  how  far  he  will  tunnel  or  in  what  direction.  They 
go  into  tlie  ground  for  protection,  for  comfort  and  for  water.  A  popular 
error  exists  among  tlie  natives  here  that  the  gopher  does  not  require  water 
because  he  got^  only  In  dry  places  and  hides  from  the  heavy  dews,  or 
^ven  the  lightest  rains:  but  I  find  tliat  he  invariably  stops  his  digging 
when  he  hns  readied  a  sand  so  moist  that  lie  can  suck  particles  of  mois- 
ture through  the  sieve-like  serrations  of  his  jaws,  which,  when  closed 
make  oi>enings  of  one  liftieth  of  an  inch.  If  particles  of  fiand  should  enter 
they  settle  in  the  deep  gro<ive  l)etween  the  seiTation«  of  the  lower  jaw. 
If  you  dig  a  little  hollow  six  inches  beyoiwl  the  lower  end  of  a  gopher  run 
you  find  it  soon  tilled  with  water  oozing  up  from  l>elow. 

The  gophea*  makes  burrows  for  the  pui-pose  of  regulating  tlie  tenii>era- 
tui*e  to  a  degree  most  litted  to  his  comfort  and  well  l>eing.  When  he  has 
browsed  to  his  satisfaction  and  the  sun  i**  too  hot,  he  retires  to  the  shade 
•of  hi«  cave.  If  his  shell  is  uncomfortably  dry  he  retires  deei>er,  and  if  he 
is  thii"sty  he  drinks  in  the  filtered  water  from  his  own  well.  I  have  taken 
a  gopher  out  of  the  gi-ouml.  stopped  up  the  entrance  to  his  burrow,  except 
the  fli"st  foot  or  two,  and  then  watchinl  his  puzzle^l  look  as  he  endi»avored 
to  enter.  He  looked  curiously  about  as  if  taking  in  certain  land  marks, 
then,  having  got  his  bearings  in  mind,  would  make  another  dash  at  Uie 
place  where  his  entrance  had  formerly  been.  After  a  half-dozen  trials  he 
tlirew  up  his  liead  in  disgust  and  niarche<l  off.  I  have  put  one  gopher  in 
another's  hole,  but  it  will  back  out  and  go  away. 

At  this  time  I  have  a  gopher  in  a  little  chicken  coop,  which  has  the 
sand  for  its  floor.  He  iia.s  been  there  a  week  but  has  made  no  effort  to 
free  himself  by  digging  out.  He  has  buried  himself  all  but  about  an  inch 
of  the  rear  of  his  shell,  and  from  there  he  makes  no  attempt  to  go  deeiier. 
I  have  never  seen  two  goplier  holes  very  close  together:  sometimes  one 
buiTow  will  cross  another,  but  never  into  It:  the  nearest  l>eing  about  eigh- 
teen inches. 

The  anatomical  peculiarities  of  the  gopher  ai'e  the  head,  which,  from 
the  rear  view,  much  ivsembles  tliat  of  a  fi*og,  but  is  covere<l  with  a  hard, 
black,  adherent  skin  or  scales:  the  jaw  and  tongue  quite  angidar,  looking 
into  the  mouth  it  seems  a  i)erfect  triangle;  the  tongue  has  villi  much  like 
that  of  herbiverous  animals:  it  has  three  well-defined  stomachs.  The  in- 
testine from  the  third  stomach  is  vei-y  large,  with  muscular  arrangement 
that  the  herbage  injested  may  be  brought  up  at  will,  thus  the  animal  is 
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able  to  go  for  weeks  using  up  the  stores  of  provision  laid  up  within  the 
large  iutestine.  A  gopher  weighing  six  pounds  had  a  reserve  of  two  and 
one-half  jwunds  within.  I  removed  one  and  a  half  pounds  of  meat  from 
the  shell  and  legs,  leaving  the  rest  of  his  weight  in  the  skeleton.  There 
are  forty-six  laminated  sections  in  the  shell  of  the  full-grown  gopher; 
these  laminae  are  about  one-forlioth  of  an  inch  in  thickness  and  readily 
scale  off  after  the  animal  dies,  leaving  under  each  section  a  segment  of 
true  bone  of  the  same  shape  and  size.  The  brain  of  this  animal  (weighing 
six  pounds)  weighs  but  40  grains;  the  spinal  cord  unusually  large.  The 
sympatlietic  and  solar  plexus  largely  develoi>e<l.  The  heail  is  larger  than 
in  otlier  testudo  of  like  weight,  having  two  auricles  and  a  large,  strong, 
half-divided  ventricle.  The  lungs  are  attached  to  the  dorsum  of  the 
thorax.  The  diaphragm  is  sti-onger  than  among  the  turtles.  The  ovaries 
long  and  broo/d,  containing  ten  to  twenty  mature  eggs,  three-eighths  of  an 
inch  in  diameter,  and  perfectly  spherical.  When  deposited  they  have  a 
hard  calcareous  shell.  In  my  specimen  there  were  three  hundred  immature 
ova  in  the  FjUloplan  tul>es  and  ovaries;  the  tubes  open  into  a  short  vaginal 
sheath  an  inch  from  the  common  outlet  The  sex  may  be  distinguished 
by  tlie  nuiles  having  a  concave  fonn  of  the  lower  third  of  the  sternum, 
while  in  the  female  it  is  slightly  convex  or  flat.  The  upi>er  part  of  the 
stenium  (plastron)  is  a  solid  piece,  projecting  beyond  tlie  shell  an  inch 
and  a  half.    The  eye  is  covered  with  a  nictating  membrane  as  in  birds. 

The  geiveral  intelligence  of  the  gopher  is  quite  llmite<l.  It  i-emembers 
localities,  but  I  do  not  think  it  remembers  friends  or  enemies.  I  have  one 
that  has  liad  the  nm  of  my  ofllce,  house  and  yard  for  several  montlis.  It 
has  gained  In  weight  and  is  healthy.  She  likes  a  warm,  snug  C(»"ner  by 
the  fire  when  the  daj's  are  cool;  when  outdoors  she  wand^^rs  about  to  cer- 
tain places  where  she  fonnerly  found  good  pasturage.  She  knows  where 
the  gate  is,  and  likes  to  get  on  the  street  for  a  promenade,  where  she 
walks  on  the  tips  of  her  strong  fore  claws;  her  blunt  hind  legs  and  club 
feet  giving  her  the  appearance  of  a  miniature  elephant 

The  gopher,  when  turne<l  upon  the  back,  can  not  return  to  its  natural 
position,  and  when  one  fights  another  it  is  to  use  its  projecting  sternum 
as  a  battering  ram,  striking  his  antagonist  aniidsliips  and  throwing  him 
over  on  his  back;  then,  as  the  vanquished  foe  tlirusts  its  head  and  neck 
out  to  regain  ix>sition,  it  receives  various  blows  upon  the  neck  from  the 
same  source.     I  have  witnessed  but  one  fight  of  this  kind  and  that  was 
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between  two  female  gophers.  The  punishment  given  by  the  larger  one 
caused  the  death  of  the  smaller  one. 

In  evidence  that  there  is  a  necessary  transpiration  through  the  under 
shell  or  plastron  a  gopher  will  die  if  that  part  of  the  body  is  vanished. 

The  gopher  is  eaten  and  much  esteemed  ajs  food  by  the  colored  people. 
It  is  popularly  supposed  to  contain  portions  of  all  kinds  of  meat  and  fish 
under  its  difiterent  segments.  My  experience  is  that  it  is  more  palatable 
than  any  other  testudo,  and  it  contains  but  one  kind  of  meat,  and  that 
tough. 

I  must  be  pardoned  for  not  referring  to  the  literature  of  my  subject 
It  is  because  I  have  found  almost  nothing,  and  that  brief  and  incomplete 
in  "Wood's  Natural  History,"  and  I  write  this  far  from  libraries  and 
reference  books. 

Orlando,  Florida,  December  23,  1809. 


Libraries  cp  Microscopical  Slides. 

By  a.  J.  BioNEV. 

Since  the  earliest  times  It  has  been  the  custom  of  educated  people  to 
have  libraries.  No  line  of  thought  has  received  more  attention  in  the 
past  few  yeare  than  the  biological  sciences.  Probably  the  world  has  re- 
ceived more  physical  good  from  such  work  than  from  any  other  source. 
What  the  next  generation  will  bring  forth  can  hardly  be  imagined.  Every 
one  who  owns  a  niicroscoi)e  is  adding  a  little  to  the  world's  stock  of  knowl- 
edge In  biology.  Not  only  does  such  a  worker  need  books,  but  he  should 
make  another  kind  of  library,  a  collection  of  slides.  To  the  teacher  In 
biology  this  Is  almost  a  necessity.  To  make  the  slides  of  greatest  use 
they  should  be  classified  in  some  systematic  way.  It  has  been  my  experi- 
ence and  observation,  in  small  as  well  as  large  colleges  and  universities, 
that  the  slides  are  packe<l  away  without  any  or  very  little  system,  and 
the  teacher  must  depend  upon  his  memory  in  finding  them.  This  causes 
very  much  annoyance  and  much  loss  of  time.  Last  fall  I  classified  my 
slides  In  a  simple  way  and  it  has  been  of  so  much  value  to  me  that  I  feel 
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It  is  important  to  call  the  attention  of  other  workers  to  this,  or  at  least 
suggest  something  that  will  cause  them  to  do  the  same  thing. 

The  slide  box  or  tray  is  marked  with  Roman  numerals.  The  places 
for  the  slides  are  usually  marked  with  the  Arabic  numbers  by  the  manu- 
facturer of  the  boxes.  On  the  label  of  each  slide  are  marked  the  Roman 
numeral,  which  indicates  the  number  of  the  box  in  which  the  slide  is  to 
be  placed  and  the  Arabic  number,  which  indicates  its  position  in  the  box. 

All  the  slides  are  now  catalogued  on  cards  or  on  sheets  of  paper.  In 
<^taloguing,  the  name  of  the  specimen  on  each  slide  should  be  given  and 
following  in  the  Roman  and  Arabic  numbers  on  that  particular  slide.  The 
cards  should  be  arranged  alphabetically  and  kept  near  the  slides.  Since 
the  slides  are  used  by  the  different  students,  they  will  have  to  be  replaced, 
and  by  this  method  any  one  can  tell  in  an  instant  where  they  belong.  If, 
for  instance,  you  desire  a  section  of  liver,  look  for  same  on  card.  The  ref- 
erence may  be  XII— 24;  hence,  find  box  XII,  and  the  slide  widl  be  found 
At  "24." 


A  Method  of  Registration  for  Anthropological  Purposes. 

By  Amos  AV.  Butler. 

The  Board  of  State  Charities  has  undertaken  a  registration  of  the  in- 
mates o£  the  various  benevolent  and  correctional  institutions  of  the  State. 
The  work  began  by  an  enumeration  of  the  inmates  of  poor  asylums,  or- 
phans* homes  and  insane  hospitals,  some  years  since,  and  has  been  elab- 
orated so  as  to  give  the  individual  and  family  history  of  each  person.  This 
is  now  being  extended  to  the  prisons,  reformatory,  reform  schools,  school 
for  feeble-minded  youth,  and  institution  for  the  education  of  the  deaf. 
The  information  to  be  obtained  includes  the  name,  age,  color,  date  of 
admission,  physical  and  mental  condition,  together  with  information  con- 
<!eming  education,  home  influences,  religious  influences,  character  of  train- 
ing, whether  possessed  of  a  trade,  and  other  facts  that  are  thought  will 
have  a  bearing  upon  the  individual.  Family  history  includes  the  names 
of  both  parents,  the  place  of  their  nativity,  their  pecuniary  condition, 
whether  intemperate,  criminal,  insane,  epileptic,   feeble-minded  or  con- 


64 

sumptive,  whethei  living  togetlier,  or  dead.  It  also  Is  intended  to  obtain 
whatever  collateral  information  is  possible  relating  to  other  members  of 
the  family. 

It  is  the  puiT)ose  to  extend  this  Investigation,  eventually,  so  that  It  will 
inchule  tlie  names  of  the  inmates  of  all  institutions  coming  under  tlie 
supervision  of  the  Board  of  State  Charities.  The  information  obtained  la 
being  registered  upon  cards,  which  are  arranged  after  the  manner  ot  a 
librarj'  catalogue,  so  that  everytliing  known  about  each  individual  will  be 
readily  available  in  concise  form.  The  pun)oee  of  tliis  work  la  to  learn* 
so  far  as  possil)le,  the  causes  of  dependence  and  crime  and  the  coaditloi|l 
under  which  they  exist.  The  value  of  such  statistics,  either  when  one 
considei-s  the  c*tt8e  of  the  individual  or  of  his  dc^scendants,  can  not  be  cal- 
culated. When  fully  covering  the  whole  field  and  extending  over  a  Rerlea 
of  years.  It  will  give  the  State  the  data  from  which  to  arrive  at  the  meet 
important  conclusions  regarding  the  treatment  of  its  unfortunates  and 
delin(iuents. 


Aids  in  Teaching  Physical  Geography. 

By  v.  F.  Marsters. 

For  a  numl>er  of  years  physicaJ  geography  has  barely  received  recog- 
nition In  the  high  S(*hools  of  this  State.  From  the  standpoint  of  accumu- 
lating ust'ful  knowledge,  as  well  as  achieving  mental  discipline,  it  is  to 
be  regi'etted  that  the  subject  has  recelve<i  so  little  attention.  It  would 
seem  that  it  lias  beiMi  tolerateil  or  simply  permitted  to  exist,  whMe  the 
sister  sciences  have  b<»en  fostered  and  developed  in  a  manner  commen- 
surate with  the  means  at  hand.  The  past  few  years,  however,  have  wit- 
nessed not  only  a  reninrkal>le  advancement  in  geographical  science,  but 
also  the  introduction  of  new  and  rationalized  methods  in  teaching  the  sub- 
ject. The  large  accnmulation  of  geographical  facts  accompanied  by  an 
increasing  d<Mnand  for  rational  explanation  or  interpretation  furnishes  the 
key  to  the  recent  interest  in  tliis  subje<*t. 

Tlie  importance  of  geography  as  an  educ*ative  science  must  be  con- 
ceedeil  when  It  is  known  that  the  most  progi'essive  universitiea  have 
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placed  the  subject  on  an  equal  footing  with  the  other  sciences  which  have 
for  years  found  a  respected  place  in  the  college  curriculum.  That  this 
fact  is  being  recognized  beyond  the  walls  of  the  university  must  be  ad- 
mitted when  we  see  a  number  of  the  larger  cities  of  the  country  employing 
specialists  to  instruct  their  teaching  force  and  familiarize  them  with  a 
rational  method  of  teaching.  I  am  Informed  that  the  city  of  Indianapolis 
has  employed  a  well-trained  man  for  this  specific  purpose.  This  is  a 
step  taken  in  the  right  direction.  Moreover,  about  all  the  commissioned 
high  schools  of  the  State  have  placed  physical  geography  on  the  schedule 
of  studies,  although  in  many  cases  but  a  short  period  is  devoted  to  the 
subject  These  facts  point  to  the  conclusion  that  physical  geography  has 
gained  a  deserved  place  in  the  public  schools,  and,  moreover,  with  due 
recognition,  it  is  destined  to  play  as  important  a  role  as  any  of  its  allies 
as  an  educative  science  because  of  its  recognized  disciplinary  value. 

Let  us  look  for  a  moment  at  some  of  the  recent  methods  of  teaching 
the  subject  Ten  years  ago  it  was  all  sufficient  for  the  student  to  describe 
a  geographical  element  or  simply  to  accumulate  facts.  If  the  student 
knew  all  the  capes  on  the  Atlantic  and  Pacific  coasts  and  their  locations, 
nothing  more  was  to  be  learned  about  them.  The  question  was  not  asked 
why  any  geographical  element  should  appear  here  or  there,  why  this  or 
that  teiTitorial  limit  of  topographical  expression  should  exist;  it  was  suffi- 
cient to  be  able  to  know  the  fact  of  its  existence,  location  and  general 
features  without  calling  for  an  explanation.  Such  knowledge  is  em^pifrical. 
The  serious  student  is  no  longer  satisfied  with  empirical  description, 
but  he  demands  explanatoiry  description.  It  is  in  this  particular 
phase  that  mai'ked  advancement  has  been  made.  Empirical  description 
is  rapidly  giving  way  to  i*ational  explanation  of  geographical  phenomena. 
The  absence  of  an  educative  discipline  in  the  former,  and  its  necessary 
inherence  in  the  latter,  fully  accounts  for  the  recent  growth  of  the  so- 
caJle<l  new  geography.  Thus,  rational  geography  demands  not  only  the 
collection  of  facts  by  personal  observation,  but  it  also  calls  for  an  explana- 
tion of  tlie  observed  facts;  such  a  process  must  employ  comparison  and 
deduction.  ^Moreover,  the  conclusions  reached  or  the  method  of  explana- 
tion derived  by  comparison  and  deduction  must  explain  not  only  all  the 
facts  at  hand,  but  they  must  also  account  for  many  other  related  facts 
yet  to  be  collected.  It  is  only  by  the  employment  of  these  broad  and 
fundamental  principles  that  the  accumulation  of  useful  knowledge  and, 
above  all,  a  valuable  mental  discipline  can  be  attained. 
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There  are  many  aids  towards  this  end.  It  is,  however,  only  within 
recent  years  that  much  of  this  material  so  useful  to  the  geologist,  a» 
well  as  to  the  geographer,  has  come  within  the  reach  of  the  secondary 
schools.  The  apparatus,  which  should  be  found  to  some  extent  at  least  in 
all  schools  and  colleges  purporting  to  teach  geography,  may  be  described 
under  the  following  headings: 

1.  Photographs  and  lantern  slidee. 

2.  Maps. 

3.  Models. 

1.  Photographs.— The  collections  of  photographs,  made  by  the  usual 
dealers,  furnish  very  little  material  that  has  any  special  geographical  sig- 
nificance. Such  collections  are  usually  made  with  reference  to  depicting 
some  artistic  expression  in  a  landscape,  and  invariably  fail  to  bring  out 
such  topographic  outlines  as  would  be  of  significance  to  the  student  of 
geography.  A  fairly  useful  selection  can  be  made  from  a  collection  made 
by  various  members  of  the  Geological  Society  of  America,  and  placed  Id 
the  hands  of  a  committee  for  classification  and  distribution.  Further 
information  may  be  obtained  by  applying  to  G.  P.  Merrill,  Washington^ 
D.  C,  or  to  Prof.  F.  L  Fairchild,  Rochester,  N.  Y. 

Lantern  slides  are  even  more  useful  than  photographs  because  they 
present  a  more  vivid  picture,  and  details  more  easily  discerned.  Moreover, 
the  relation  of  parts  are  more  clearly  brought  out  because  of  the  enlarge- 
ment; in  fact,  it  is  the  next  best  to  seeing  the  actual  thing  Illustrated. 
In  tlie  use  of  the  lantern,  however,  care  should  be  taken  not  to  introduce 
this  method  of  illustration  as  simply  a  species  of  entertainment,  but  ratlier 
as  an  essential  part  of  the  course  to  be  absorbed  by  the  student  as  weU 
as  text  or  lecture. 

What  has  been  said  of  the  insufllciency  of  the  dealers'  photograph 
collections  is  equally  true  of  their  lantern-slide  collections.  An  examination 
of  the  stock  of  a  numbor  of  dealers  furnished  but  little  useful  material. 
This  long-felt  want  has  in  part  been  supplied  by  Prof.  W.  M.  Davis,  who 
has  made  a  very  excellent  collection  of  about  one  hundred  and  fifty  slides, 
illustrating  the  prominent  and  essential  features  of  the  forms  of  the  land, 
rivers,  lakes,  glaciers,  shorelines,  waves,  etc.  The  entire  collection  may 
be  obtained  from  E.  E.  Howells,  Washington,  D.  C. 

In  the  interest  of  Indiana  geography,  it  is  proposed  to  make  a  collec- 
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tion  of  photojjraphs  ami  lantern  slhles  during  tlie  coming  year,  which  may 
illustrate  the  most  common  and  prominent  U>i)ogi'aphic  features  of  the 
State.  It  would,  of  course,  be  desiniUle  to  have  both  series  in  the  scliools, 
but  when  the  pui-chase  of  a  lantern  is  not  possible,  photographs,  of  course, 
may  be  substitut<Hl.  It  is  hoped  tliat  such  a  collei'tion  of  laboratory  ma- 
terial may  civale  ami  stimulate  further  interest  in  the  subjei-t  and  help 
to  place  it  on  an  equal  footing  witli  the  otlier  observational  scientvs  ol)- 
«erved  in  th(»  s*-hool  system. 

Maps.— There  are  a  numl)er  of  sources  from  which  many  selections  of 
useful  illustrations  of  topographic  tyjM's  may  1h'  obtaine<l.  The  Ignited 
States  (leological  Survey  has  prepared  a  larg«*  numl>er  of  topogi'aphical 
iind  geological  sheets  covering  portions  of  the  I'nitetl  Stiites.  It  is  to  be 
regivtte<l  tJiat  this  natiimal  (uganization  has  not  published  a  single  sheet 
covering  any  porticm  of  the  State  of  In<liana.  A  part  of  this  neglected 
work  is  l)eing  done  l)y  tlie  (ftM)loglcal  Department  of  Indiana  University. 
In  addition  to  the  series  of  sheets  mentioned  above,  tlie  National  Survey 
has  lately  preparcMl  a  large  number  of  folios,  forming  a  i>art  of  the 
•'Geologic  Atlas  of  the  I'nited  States."  Thes<»  have  been  maxle  to  serve 
educational  purposes  in  particular,  l»ut  strange  as  it  nniy  seem,  a  large 
number  of  the  best  ecpiipiKMl  high  schools  of  the  State  have  fjiiled  tx) 
make  use  of  the  opiK>rtunities  offeri*d.  The  folios  contain  a  toi>ographic 
sheet,  a  second  showing  the  a  real  geology,  a  third  illustrating  the  geology 
In  cross  siHrtlon,  and  sometimes  a  fourth  devoted  to  the  econondc  gix>logy. 
Each  folio  is  accompanied  with  an  explanatory  text. 

From  the  I'nlted  States  Coast  and  (JwMletic  Survey  may  l>e  obtained 
a  sei'ies  of  nnii>s  giving  the  minutest  details  of  shore-line  topography.  For 
a  list  of  the  maps  address  this  department  at  Washington.  I).  C 

It  is  gratifying  to  learn  that  in  a  few  of  the  high  sch(X>ls  of  thLs  State 
the  daily  weatluM*  maps  are  being  use<l  witli  a  considerable  degive  of  suc- 
cess. Thes<»  may  b<»  obtained  by  addre^ssing  the  IcK-al  forecast  official, 
C.  F.  U.  Wapi>enhans.  Majestic  Ruilding,  Imlianapolis. 

Another  source  for  informati<ui  of  meteorological  interest  is  the  United 
Stat(\'<  IIydn>graphic  Department,  which  issues  each  month  a  series  of 
pilot  charts  of  the  North  Atlantic  and  North  Pacific  oceans.  On  thene 
charts  are  shown  the  storm  tracks,  the  date  of  their  occuiTence  and  the 
dinx'tion  of  their  course  (from  which  can  bt»  determine<l  their  rate  of 
movement),  calms  and  prevailing  winds,  derelicts  and  wrecks,  icebergs 
and  field  ice.  regions  of  frequent  fog.  etc. 
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The  most  available  source  for  inforuiatiou  on  all  these  publications, 
and  oflfering  assistance  in  the  selection  of  tyiK*s  from  each  gi'oup,  is  a 
little  manual  entitled  "The  l^se  of  Governine-ntal  Maps  in  Schools,"  by 
Mt^ssrs.  Davis,  Kinj?  &  Collie,  and  published  by  Henry  Holt  &  Company, 
New  York. 

For  infonnation  concerning  foreign  maps,  th«  teacher  is  a<lvised  to 
consult  an  article  by  Prof.  W.  M.  Davis  on  "I^rge  Scale  Maps  for  Geo- 
graphic Illustnitions,"  published  in  the  Journal  of  Geology.  A  rei>rint  of 
this  article  may  iwssibly  Ikj  obtaine<l  by  addressing  Prof.  T.  C.  Chamlnn'- 
laln,  Chicago  I'nlversity. 

Mo<lels.— One  of  the  most  novel  and  still  most  effective  means  in  the 
teaching  of  gtH)graphy  as  well  as  geology,  is  supi^lied  by  models  lllustnit- 
Ing  the  topographic  fonn  and  the  rock  stnicture  upon  which  the  topog- 
raphy is  made. 

M(Hlels  ai-e  of  two  kinds:  One  may  rei)res^nt  the  actual  toiK>graphy 
of  a  survey eil  se<*tion  of  country-  and  the  other  may  be  an  idealiztHl  land 
form,  depleting  tlie  essential  and  exiKK*table  features.  The  latt-er  may  be 
<ralle<l  "types  of  land  form."  Of  all  the  materials  mentloniMl,  as  fonning 
equipment  for  a  g(H>gi'aplilcal  lalK>ratory,  UKKlels  may  be  regJirtlwi  a.s  of 
si>eclal  value.  It  Is  ln<leed  unfortunate  that  the  cost  of  models  in  general 
is  so  excesvsive  that  a  large  nuudH>r  of  the  secondiiry  schooh^  may  not  be 
able  to  purchase  the  hunger  and  most  expensive  Illustrations  of  land  forms, 
but  still  there  aiv  many  that  come  within  the  reach  of  schools  with  but 
meagi'e  appropriations. 

During  the  past  year  the  Department  of  Geology  and  Geography.  Indi- 
ana I'nivei-slty.  has  given  a  coursi*  In  physiographic  geology.  Practice  In 
the  coustnictlon  of  relief  mai>s  may  be  taken  as  imrt  of  the  laboratorj* 
work  required  In  the  course.  It  Is  of  course  evident  that  a  knowledge  of 
the  various  methods  of  making  i*ellef  mai>s  If*  of  great  advajitage  to  the 
teadier  wlio  may  1k»  called  ui>on  to  accumulate  material  for  a  geographical 
laboratory.  As  a  result  of  this  c(mi"se.  the  following  relief  maps  have  l^eeti 
coustnictcMl,  tlie  data  liaving  bet^n  obtained  from  the  topographic  aiwl  the 
geologic  atlas  shei^ts,  publisluHl  by  the  I'nlted  States  Geological  Survey: 

Chattanooga  an<l  Srwanet*  Slieets,  TennesstM*.  horizontal  scale.  1"=1  mile; 

vertical  scale.  1"=--1,(KK>  fwt. 
Harpei'^s  FeiTj*  Sh€H»t.  Baltimore,  Md..  horizontal  scale,  1"=1  mile;  vertical 

scale,  1"=1.(;<)0  feet. 
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Maiiiia's  Vineyard   Sheet,   horizontal   scale,    1"=1   mile;   vertical   scale^ 

1"=400  feet 
Cape  Cod,  horizontal  scale,  1"=1.5  miles;  vertical  scale,  l''=600  feet 
Amsterdam  Sheet,*  New  York,  horizontal  scale,  1"=1  mile;  vertical  scale, 

1"=1,000  feet 

The  following  models  are  in  process  of  construction:  Boston  Harbor 
Sheet  Mass.,  and  the  Sun  Prairie  Sheet  Wisconsin.  These  mod^s  will 
show  some  very  excellent  types  of  glacial  topography.  The  completed 
series  of  models  illustrate  some  of  the  most  common  and  conspicuous 
types  of  topography  and  geological  structure.  It  is,  indeed.  Just  the  kind 
of  matei'ial  that  should  be  found  in  the  laboratories  of  the  secondary 
schools.  In  order  that  some  assistance  may  be  given  in  this  direction,  the 
geological  department  has  preserved  the  negatives  of  the  models  men- 
tioned. From  these  any  number  of  positives  may  be  prepared;  and  It  is 
proposed  to  supply  copies  of  one  or  more  of  these  to  any  high  school  de- 
siring to  establish  a  geographical  laboratory.  Copies  will  be  sold  at  the 
cost  of  construction,  so  that  the  school  with  but  meagre  appropriations 
can  at  least  make  a  beginning  by  adding  one  model  each  year  to  the  labo- 
ratory equipment.  It  Is  hoped  that  the  high  schools  of  the  State  will  not 
be  slow  in  taking  advantage  of  the  opportunity  here  offered.  Effective 
work  in  geography  can  not  be  done  without  a  laboratory;  and  of  the  kinds 
of  available  material  mentioned,  maps  and  models  should  form  a  promi- 
nent part  of  the  equipment.  The  writer  will  gladly  correspond  with  any 
one  desiring  further  information. 

Geological  Laboratory,  Indiana  University. 


*  Constructed  by  E.  R.  Cumings,  Instructor  in  the  Department  of  Oeology,  lDdian» 
University. 
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Some  Preliminary  Notes  on  the  Hygienic  Value  of  Various 
Street  Pavements  as  Determined  by  Bac- 
teriological Analyses. 

By  Severance  Burbaoe  and  D.  B.  Luten. 

In  many  of  our  large  cities,  and  small  ones,  too,  the  question  of  pave- 
ment is  a  very  Important  one.  The  government  looks  largely  upon  the 
question  of  economy,  the  life  of  the  particular  pavement  being  perhaps 
the  most  important  factor  in  assisting  them  to  a  decision  for  or  against  it. 
Some  pavement  companies  in  pushing  their  own  work,  will  claim  that 
their  pavement  is  mo>re  sanitary  than  this  or  that  one.  Have  they  any 
data,  any  facts  that  will  permit  them  to  make  such  statements?  It  was 
partly  for  the  purpose  of  settling  this  question  that  the  foregoing  experi- 
ments were  undertaken. 

In  working  on  this  subject,  it  has  been  found  that  the  sanitary  or 
hygienic  value  of  a  pavement  depends  almost  entirely  on  its  power  to  col- 
lect, retain  or  give  up  dust,  although  there  are  other  factors,  such  as 
reflection  of  heat,  etc.,  that  must  be  considered.  But  this  dust  leads  to  a 
discussion  of  the  point  as  to  whether  a  strictly  sanitary  pavement  is  one 
that  will  remain  moist  the  longest  time,  thus  holding  on  to  the  dust,  and 
at  the  same  time,  perhaps,  permitting  the  multiplication  of  bacteria;  or 
whether  the  sanitary  pavement  is  the  one  that  dries  the  quickest,  and  with 
the  assistance  of  traffic  and  the  winds,  scatters  the  dried  dust  broadcast 

Street  dust  is  always  laden  with  bacteria,  and  it  was  thought  that 
possibly  some  bacteriological  analyses  under  ditrerent  conditions  might 
assist  in  the  solution  of  this  problem.  It  is  not  necessary  to  state  that 
aside  from  the  bacterial  contents  of  dust,  hyglenlcally  speaking,  it  in  itself 
is  an  irritating  factor  to  the  mucous  membrane  of  the  nose  and  throat,  as 
well  as  to  the  delicate  membranes  of  the  eye.  And  thus,  without  taking 
the  bacteria  into  account  at  all,  the  pavement  permitting  the  least  dust 
would  be  regarded  as  most  sanitary.  But  the  bacteria  usually  occur  in 
proportion  to  the  amount  of  other  dust,  so  the  measure  for  one  will  serve 
fairly  well  as  an  indicator  for  the  amount  of  inorganic  dust.  The  experi- 
ments herein  reported  were  undertaken  on  the  Lafayette,  Indiana,  pave- 
ments, including  macadam,  brick,  wood  block  (not  creosoted),  and  sheet 
asphalt 
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There  is  almost  no  reliable  literature  on  the  subject,  and  what  little 
thei'e  is  s(?enis  to  universally  condeuin  the  uncroo8ote<l  wood  block 
pavement. 

From  Byrnes  Highway  Construction,  181K3,  Dr.  O.  W.  Wight  Health 
Officer  of  Detroit,  in  a  report  to  city  council,  says:  "On  sanitary  grounds, 
therefore,  I  must  earnestly  protest  against  the  use  of  wooden  block  pave- 
ments. Such  blocks,  laid  endwise,  not  only  absorb  water  which  dissolves 
out  the  albuminous  matter  that  acts  as  a  putrefaction  leaven,  but  also  ab- 
sorbs an  infusion  of  horse  maniuv,  and  a  great  quantity  of  horse  urine 
dropped  in  the  streets.  The  lower  ends,  resting  on  boards,  clay  or  sand, 
soon  become  covered  with  an  abimdant  fimgoid  growth,  thoroughly  sat- 
urated with  albimiiuous  extract  and  the  excreta  of  animals  in  a  liquid 
putrescible  form.  These  wooden  pavements  undergo  a  decomposition  in 
the  warm  season  and  add  to  the  imwholesomeness  of  the  city.  The  street 
in  fact  might  as  well  be  covered  a  foot  deep  with  rotting  barnyard  manure 
so  far  as  unwholesomeness  is  concerned.  Moreover,  the  interstices  be- 
tween  the  blocks  and  the  perforations  of  decay  allow  the  foul  liquids  of 
the  surface  to  tlow  through,  supersaturating  the  earth  beneath  and  con- 
stantly adding  to  the  putrefying  mass." 

M.  Foussagrivs,  pn)fessor  of  hygiene,  at  ^Ionti>elier,  France,  objects 
to  woollen  pavements  l>ecause  they  "consist  of  a  porous  substance  capable 
of  absorbing  organic  matter,  and  by  it«  own  de<?omi>osition  giviag  rise  to 
noxious  miasma  which,  pnvceeiling  from  so  large  a  surface,  can  not  be 
i\)garded  as  Insignificant.  I  am  convinced  that  a  city  with  a  damp  climate, 
paved  entirely  with  wcxkI.  woidd  b*H.*ome  a  city  of  marsh  fever.*' 

An  article  by  Amat  'U  the  Htdl.  (Jen.  de  Thera])eut,  is  of  some  Interest 
in  this  connection.  He  compart»s  the  advantages  ami  disadvantages  of 
W(km1  paveuicnt  with  thost^  of  granite  blocks  and  asphalt.  In  regard  to 
cleanliness  he  places  then  in  the  onler  of  merit— asphalt,  granite,  wood. 
In  regard  to  quiet— wooil  a.sphalt,  grsinite.     In  regard  to  cheapness— gi*aii- 

ite,  wckmI,  asphalt.    Durability granite,  asphalt,  woo<l.     Ease  of  repair — 

asphalt,  wood,  granite,  and  safety— wcmkI,  asphalt,  granite. 

Miguel  tested  bacteriologically  some  ten-year-old  wood  jmvements, 
and  fouiul  from  a  million  to  a  million  and  a  half  germs  in  a  gram  of  saw- 
dust from  the  surface,  and  from  live  hundred  to  foin*  thousand  in  a  gram 
of  the  sjiwdust  taken  two  inches  l)elow  the  sin'face.  These  same  exi>eri- 
ments  were  repeated  by  Hoist  and  Xicoles.  giving  the  same  relative  results, 
but  the  numbers  of  bacteria  b<»ing  twenty  times  a,s  large. 
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Professor  Brown,  of  Yak»  Collej^e.  says  that  "even  In  tlie  free  air  and 
full  sunlight  along  with  the  putrescence,  a  white  fungous  gi-owth  begins 
on  the  surface  of  the  wood,  which  nipidly  beoonies  slimy.  This  fonns 
much  more  rapi<lly  on  the  ends  of  the  gniin  of  the  wood  than  on  the  radial 
or  tangential  sides.  The  fungous  growth  goe^  on.  mo<litie<l  of  coiu-sc  by 
the  temi)erature  and  the  degrees  of  concentration  and  it  continues  for  an 
unknown  period,  or  until  decay  has  become  complete.  Ileartwood  and 
sapwood  act  alike  in  this  matter;  the  difference  is  one  of  degree  rather 
than  clmi-acter." 

The  Legislature  of  New  South  Wales  (Australia)  appointed  a  board  to 
"inquire  into  the  allegtHl  deleterious  effects  of  wood  i>avements  ui>on  the 
public  health.  The  boanl  examineil  siKx-imens  of  wood  pavements  as  laid 
in  the  city  of  Sidney,  taking  up  bloc-ks  at  different  points.  In  all  cases 
the  concrete  IhhI  underneath  was  moist:  in  three  cases  a  large  amount  of 
slimy  mud  was  found,  giving  off  an  ammoniacal  oilor.  The  blocks  were 
chemically  examine<i  to  determine  whetlier  they  had  absorbed  organic 
matter,  witli  the  result  that  some  were  found  impi*egnated  with  filth  to 
the  vety  center,  while  others  were  comparatively  frete  from  it  The  board 
comes  to  the  conclusion  that  wood  is  a  material  which  can  not  safely  be 
used  for  paving  unless  it  can  be  rendered  absolutely  lmi>ernieable  to  mois- 
ture. *  *  *  So  far  as  the  careful  reseda rches  of  the  board  go,  the  porous, 
absorbent  and  de.structihle  nature  of  wooil  must,  in  its  opinion,  be  de- 
clartMl  to  be  in*emediable  by  any  pro<:"ess  at  present  known:  nor  were  any 
such  proi'(*s.ses  discovered,  woidd  it  l>e  effectual  unless  it  were  supple- 
mented by  anothei*  which  should  prevent  fraying  of  tlie  fibers.  Still  less 
can  the  defi>cts  of  wood  be  considertHl  of  less  consequence  than  the  de- 
fects of  other  kinds  of  materials.  *  *  *  Yoiu*  board  therefore  recom- 
uiends  that  the  paving  of  the  streets  of  this  city  with  wood  should  be  dis- 
continutHl,  and  d<^ires  to  add  that  this  recommendation  is  extended  to  ap- 
ply not  to  the  particular  mode  of  construction  heiv  adopted  alone,  but  to 
the  material  its^'-lf  and  to  every  known  methofl  of  constniction." 

On  the  other  hand,  a  comparison  of  the  death  rate  in  cities  using  wood 
paveinents  with  that  in  cities  where  little  or  no  wood  is  employed  seems  to 
show  tliat  wood  pavements  do  not  cause  an  increase  in  the  death 
rate.  i.  e.: 
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Ptreenlae*  o/ 
fflly.  Dtalk-raU.    Wooitn  Pavemrnl: 

New  York as.lU  0 

BoWon  23.00  0 

Philadelphia   19.74  0 

NMhvllle   23.70  0 

Atlanta  19-87  0 

MUwaukee  16.90  48 

Chicago  17.48  80 

Detroit   14.70  01 

Dulutli    90.17  !f5 

If  there  n-ei'e  Dot  nu  many  other  ratulitlons  this  might  be  convlociDg 
a  favor  ot  wood  blotit.    All  these  ilata  were  pollwted  about  1890. 


The  two  latest  books  on  pavements  (189.'t  nnti  itXHt  contain  nutliing 
letter.  As  far  as  technical  J[>urualH  are  contvnieil.  the  matter  seeius  to 
je  considered  satisfactorily  settle<1  by  such  ai'pnnients  as  the  prcct-dlug; 
30  further  Investlgfltlons  along  these  lines  seem  to  have  l)eeii  made. 
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METHODS  OF  ANALYZING   AIR  OF  PAVTEMENTS  FOR  BACTERIA. 


The  bacteriological  examinations  wei'e  canied  on  by  means  of  using 
the  agar  plate  exposure,  four-inch  Pasteur  dishes  being  used.  These 
agar  plates  were  exposed  (always  in  duplicates)  on  an  ordinary  sur- 
veyor's tripod,  as  shown  in  Fig.  1.  This  uMde  the  exposure  about  five 
feet  above  the  pavement.  Half  way  between  the  exposed  plates  and  the 
pavement  hung  the  anemometer,  which  had  to  be  used  to  determine  differ- 
ences in  wind  velocities  from  minute  to  minute.  These  plates  were  al- 
ways exi>osed  for  exactly  ten  minutes,  and  careful  notice  taken  of  the 
amount  of  traftic,  direction  of  wind,  and  anything  that  would  affect  the 
amount  of  floating  dust.  Great  care  was  taken  to  see  that  the  wind  was 
l)lowing  as  nearly  parallel  to  the  street  as  i)ossible.  so  that  the  analysis 
would  surely  be  of  the  street  dust,  and  not  of  the  dust  from  the  adjoining 
lots. 

One  set  of  exposures  was  made  between  12  and  2  o'clock  at  night  when 
the  life  on  the  streets  would  be  at  a  minimum.  The  results  of  this  set 
of  plates  were  as  follows,  the  numbers  indicating  the  number  of  bacterial 
colonies  on  each  agar  plate  thjit  had  had  an  exposure  of  te^  minutes: 

Wood  ])lock  (uncreos()i(>d».  Plate  No.  3 50 

Brick,  I*late  No.  5 10 

Sheet  asphalt,  Plate  No.  2 14H: 

Macadam,  Plate  No.  1 9Vi! 


The  numbers  indicate  the  average  number  of  bacterial  colonies  on  the 
two  plates  that  were  exposetl  side  by  side  over  each  pavement. 

Another  interesting  set  of  exposures  was  made  at  a  time  when  the 
macadam  street  was  muddy,  tJie  brick  pavement  was  fairly  dry,  except 
for  moist.ui"e  in  the  interstices,  and  the  sheet  asphalt  was  dry.  A  drizzling 
rain  had  occurred  about  twenty-four  hours  previous  to  the  exposure. 
Results  as  follows: 

Sheet  asphalt,  Plate  No.  11 2850 

Macadam 147 

Brick.  Plate  No.  13 99 

In  this  exposure  it  was  evident  that  the  sheet  asphalt  pavement  had 
become  (|uite  dry  and  the  dust  was  stirred  up  to  a  very  considerable  de- 
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pree  by  tlu»  p«ssing  trattic,  fifty-three  carnages,  two  bicycles  and  one 
hoi*seback  going  by  during  the  ten  minutes*  exposure.  The  >yind  was 
veiT  liglit. 

Another  exposure  was  made  wlien  every  tiling  wa.s  dry,  and  after  the 
wind  liad  bc^en  strong  and  gusty  for  some  hours,  with  the  following  results: 

Macadam    958 

Krick    4(k3 

Wood  block  (uncivosotiHl) 3(>4 

Sheet  asphalt    180 

Here  the  siieet  asplialt  had  apparently  been  wind-swept,  and  was  clean 
and  dry. 

The  averages  of  all  exposures,  excluding  the  midnight  one,  were  as 
follows: 

Macadam 138U 

Sh(^t  asphalt 1084 

Brick    9«0 

AVood  (uucreosoted.)   301 

Therefore,  if  the  amount  of  dust  lloating  over  any  given  pavement  is 
a  measure  of  the  sanitary  value,  these  pavements  in  (iue*;tion  will  take 
the  following  rank:  wood,  brick,  sheet  asphalt  and  macadam.  The  above 
averages  include  exposures  under  all  kinds  of  vao'ing  conditions. 

While  we  do  not  feel  that  we  can  conclude  anything  very  definite  from 
these  exiM:*riments,  tiiey  seem  to  point  to  iK>ssible  conclusions  of  value  if 
pui"su(Hl  to  the  proper  extent.  l*revious  opinions  cohimending  or  con- 
demning any  iwivement  fn>m  the  sanitary  &tamlpi>int  lack  scientific  found- 
ation, and  therefore  are  not  to  l>e  seriously  considered.  In  the  expi^rl- 
ments  lierein  ivporte<l  there  aiv  a  numbcT  of  factors  that  need  to  be  more 
carefully  determine<l.  such  as,  that  the  bacteria  that  are  caught  on  the 
agar  plat(^s  actually  come  from  tlie  pavement  aiui  not  from  tlie  sun'ound- 
ing  lots  and  buildings:  and  furthermore,  that  tliese  bacteria  are  of  a  patho- 
genic nature  or  not.  These  uncertain  features  are  receiving  careful  atten- 
ti<m  in  our  future  experimeints,  and  it  is  hope<l  tJiat  in  their  study  will  be 
found  the  key  to  the  solution  of  these  pavement  problems. 
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Insects  as  Factors  in  thi  Spbead  of  Bacterial  Diseases. 

By  Severangb  Bubbaok. 

From  the  earliest  times  theories  have  been  advanced  relative  to  the 
spread  of  disease  by  insects.  Just  what  part  the  insect  played  of  course 
wajB  unknown,  and  naturally  must  have  remained  unknown  until  the 
discovery  of  bacteria  and  their  relations  to  diseases  firmly  established. 
But  since  the  germ  theory  has  been  establislied  the  subject  of  insects  and 
disease  has  received  much  attention,  although  not  all  that  it  may  have 
deserved.  The  bibliography  on  the  subject,  collected  by  Dr.  GJeorge  H. 
F.  NuttaJl,  numbers  nearly  four  hundred  papers  and  articles,  many  of 
them  representing  exhaustive  experimental  work,  aivd  others  are  of  gen- 
eral interest  and  of  practical  value. 

Books  on  hygiene  and  sanitai-y  science,  even  the  latest  editions,  do  not 
mention  insects  as  disease-spreading  factors,  yet  they  go  Into  detailed 
discussions  of  many  less  inii>ortant  subjects.  Undoubtedly  many  epi- 
demics of  contagious  and  infectious  diseases  have  been  caused  directly 
or  indirectly  by  insects,  and  then  laid  at  the  door  of  the  water  supply. 
Infected  food,  or  bad  drainage.  While  water  or  milk  may  have  been  the 
Immediate  means  of  spixjading  the  disease  among  large  numbers  of  Indi- 
viduals, one  Insect  may  have  caused  the  Infection  of  the  water  or  the  milk. 

As  a  disease  caiTier,  we  must  regard  an  insect  in  one  of  two  classes. 
He  may  be  either  the  simple  carrier  of  the  bacteria,  transporting  the 
germs  of  disi^ase  on  or  in  his  body  from  an  infected  person  to  some  healthy 
person's  environment,  the  bacteria  being  wiped  off  from  the  Insect's  l>ody 
or  dei>oslted  In  his  excreta  on  the  food  or  clothing  of  the  susceptible 
healthy  person:  or  the  Insect  may  be  an  Intermediate  host  In  which  the 
pai*a8ite  or  germ  imdergoes  a  part  of  its  life  cycle,  and  then  the  germ  is 
transmitted  to  the  healthy  Individual  through  the  stlug  of  the  Insect, 
the  Insect's  fang  acting  as  the  Inoculating  needle. 

In  the  latter  class  the  mosquito  and  cattle  tick  are  the  best  known, 
tlie  mosquito  can-ylng  the  malaiial  Plasmodium,  and  the  tick  the  organism 
of  Texan  cattle  fever.  Notwithstanding  the  Importance  of  these  diseases 
from  the  hygienic  standpoint  they  do  not  come  under  the  head  of  bacterial 
diseases,  as  they  are  caused  by  animal  parasites.  It  would,  perhaps,  be 
well  to  mention,  however,  in  passing,  that  the  theory  connecting  mosqui- 
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toes  and  malaria  has  been  established  beyond  a  doubt.  More  research 
work  has  been  done  in  this  connection  than  along  any  other  line  of  the 
subject. 

While  not  overlooking  the  importance  of  the  mosquito  tlieorj',  this 
paper  must  deal  moi'e  with  the  strictly  bacterial  diseases. 

"^^      '  HISTOUICAL. 

Wo  are  indelitcd  to  In-.  G.  H.  F.  Nuttall,  M.  !>.,  Ph.  D.,  of  Johns  Hop- 
kins Hospital,  for  collecting  the  facts  along  these  lines  and  publishing 
them  in  one  paniplilct.^  There  is  much  liteniture  <iuoted  on  anthrax  and 
its  connection  with  various  insects,  particularly  the  fly.  There  are  but  few 
positive  cases  recorded,  although  scientists  do  not  hesitate  to  say  that 
insects  probably  do  play  an  important  part.  ExiH»rimental  work  was  car- 
rie<l  on  with  antln-ax  and  biting  flies  in  18*»S)  and  1870,  indeiH?ndently.  Ijy 
Kainbert  and  Davainc. 

The  bodies  and  the  proboscides  of  the  flies,  such  as  tabanus,  haemato- 
pota  and  stomoxys,  were  infected  with  antln*ax  material,  and  after  a  defi- 
nite time,  such  as  two,  twelve  or  twenty-four  hours,  parts  of  these  infect4»<l 
animals  were  incM-ulattMl  into  healthy  animals.  In  nearly  all  c*ases  of  this 
kind  tlie  animals  died  of  anthnix. 

Kailliet  sums  up  tliese  and  other  experimejiti*  with  anthrax  and  biting 
flies  by  saying  that  it  is  conceivable  tliat  the  proboscides  of  stomoxys  and 
similar  flies  may  inoculate  septic  organisms,  having  previously  lK»cimie 
c(»ntaminated  on  cadavers  or  diseased  animals;  ''nevertheless  no  direct 
pr(M>f  has  been  given  as  yet  in  favor  of  this  view."  Nuttall  goes  on  to  say 
that  it  seems  "pei-fectly  ahsurd  that  any  value  should  have  lieen  attached 
to  such  experiments.  When  tlie  instn't  sucks  blocxl  it  injwts  uninfected 
saliva,  and  sucks  up  the  bacteria  that  may  adhere  to  its  probowis:  and 
wliile  it  is  conceivable*  tliat  infection  may  oi-cur,  it  is  more  probable,  when 
we  consider  the  pnK'i^ss,  that  infection  is  tlie  exception  and  not  tlie  rule." 

Some  forms  of  beetles  are  supposnl  to  have  been  active  agents  in 
si»i'(>ading  autlirax.  Proust  and  Hien  made  examinations  of  skins  tliat 
had  been  suppose<l  to  cau.se  anthrax  in  iH'rsons  liandling  them.  IJving 
dtMinestes  vulpines  and  various  larvae  wei-e  found.    All  the  living  insects 
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w(*iv  found  to  liave  siwres  of  anthrax  on  their  bo<lies  ami  in  their  excreta. 
Nuttall  carried  on  a  valuable  series  of  ex[>eriinents  with  the  bed  bug 


'  Johns  Hopkins  Hospital  Reports,  Vol.  VIII,  Nos.  1  and  2,  Baltimorei  Md. 
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and  flea  and  antlirax,  but  all  his  experiments  gave  negative  results,  and 
he  concludes  that  **infection  through  the  bite  of  a  l>ed  bug  either  does 
not  occur  or  is  exceptional;  and  further,  that  infection  luight  occur  if  tliis 
bug  were  crushed,  and  the  part  scratched,  is  self-evident.'*  And  in  regard 
to  fleas,  the  anthrax  bacilli  die  off  rapidly  in  them,  and  the  conclusion 
appears  justitied  that  they  can  not  play  much  of  a  rOle,  if  any,  in  the 
spread  of  this  disea8e. 

The  plague  is  supposi>d  to  l>e  spread  in  some  mea.sure  by  means  of  flies 
and  cither  insects.  Nuttall's  conclusions,  as  far  as  the  biting  insects  are 
concerned,  are  the  same  as  under  anthrax,  namely,  that  infection  tlirough 
their  bites  is  exceptional  and  not  the  rule,  but,  *'on  the  other  hand.  It  is 
quite  possible  that  a  pei"son  crushing  an  infected  bug,  and  scratching  the 
spot  where  tlie  inse(»t  has  bitten,  may  thus  inoculate  himself  with  the 
plague  bacillus.  Tliis,  however,  would  not  take  place  if  a  sufficient  in- 
terval of  time  had  elapse<i  after  tlie  bug  had  sucke<l  bl(M>d  containing  the 
bacilli." 

But  Nuttall's  experiments  with  flies  infected  with  the  plague  bacilli, 
by  which  he  determinixi  tliat  infe<tod  flies  could  live  for  several  days, 
point  to  the  possibility  as  he  rightly  conclude.s,  that  they  play  no  incon- 
sldei-able  role  in  tlie  sprejul  of  the  plague,  for  they  have  plenty  of  oppor- 
tunities to  gain  access  to  f^xxl  into  which  they  might  full  and  die.  or  on 
which,  in  again  fecnling.  they  would  dep<Ksit  their  excreta  laden  with 
plague  bacilli. 

Nuttall  was  satisflt^l  that  the  fli<is  themselves  could  die  of  the  plague. 
A  few  exi>eriments  are  recorded  with  hog  erysipelas,  mouse  septicaemia, 
recurrent  fever,  chicken  chi^lera,  and  yellow  fever,  which  result  in  very 
positive  conclusions.  Experimental  and  otlier  evidemre  i>i>ints  conclu- 
sively, however,  that  Asiatic  cholera  is  disseminatied  by  flies.  Tul)erculo- 
sis  and  leprosy  are  undoubtedly  spix^ad  in  this  way. 

Particular  attention  was  called,  during  the  recent  war  with  Spain,  to 
the  spread  of  typhoid  fever  tlii-ough  our  camps.  In  fact,  it  was  well  dem- 
onstrated that  I  lie  fly  play'»d  a  most  important  part  in  the  spread  of  dis- 
ease throughout  tlie  camps,  making  due  allowance  for  the  other  factoids, 
such  as  poor  food  and  bad  water.  All  the  conditions  about  the  camps 
sec»med  to  favor  tlie  fly  in  Ids  dirty  work.    Flies  are  attracted  alike  to  food 
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material  and  to  fllth.     Fe<'al  matters,  fresh  from  the  lK>wels  of  typhoid 
patients,  and  oftentimes  without  even  an  apology  for  disinfection,  lay  ex- 


71 

posed  in  open  trenches,  and  in  sultry  weather  millions  upon  millions  of 
flies  swarmed  on  and  about  this  material. 

Short  distances  away  from  these  trenches  were  the  cooking  and  din- 
ing tents,  and  between  these  two  sources  of  fly  attraction  the  insects  were 
continually  passing.  Thus  it  was  made  only  too  easy  for  the  flies  to  trans- 
fer Infectious  material  from  the  trenches  to  the  food;  and  as  much  of  the 
food  is  not  cooked  at  all,  there  is  no  chance  for  the  germs  to  be  killed. 

To  show  the  condition  of  affairs  iii  tlie  camps,  as  described  by  an  eye 
witness,  I  will  quote  from  a  letter  of  Dr.  I.  W.  Heysinger,  of  Philadelphia, 
to  one  of  the  medical  journals:  **In  the  hospitals,  the  vessels  used  by 
the  patients  l>eside  their  l)eds,  were  black  with  them  (flies),  and  they  only 
disappeared  when  the  dinners  were  brought  along,  and  tlie  attendants 
went  back  to  the  cook  house  to  chase  off  the  invading  inhabitants  tliere, 
and  bring  up  milk  to  complete  the  menu.  The  open  sinks  are  also  black 
with  these  buzzing  scavengers,  which  rise  in  clouds  when  the  surface  Is 
disturbed,  and  tlieir  feet  loaded  witli  fecal  debris  rise  to  seek  new  iwstures 
at  breakfast,  dinner  and  supper  and  all  through  the  day,  intermittently 
around  the  cook  house. 

•into  these  sinks  go  the  discharges  of  tlie  typhoid  patients,  an<l  patho- 
genic bacteria  that  can  not  make  an  effective  culture  there  on  a  most 
niajt^tic  scale  are  'simply  not  in  It' 

"Can  anyone  wonder  that  a  single  case  of  typhoid  will  thus  inf(H.*t  a 
a  whole  camp  and  Increase  the  virulence  of  a  mild  case  to  tlie  point  of  a 
ni^*essarily  mortal  result?  Ingenuity  could  not  devise  any  plan  so  simple, 
so  etWcacious  and  so  widespread  as  this  for  scattering  a  peistileiice.  Every 
fly  leg  is  good  for  a  large  number  of  almost  any  required  sort  of  patho- 
genic bacilli,  and  some  flies  are  nearly  all  legs,  and  the  rest  snout  and 
wings,  which  also  play  their  part  with  regularity  and  despatch."  Dr. 
M.  A.  Veetler,  of  Lyons,  N.  Y.,  describees  the  conditions  around  a  pri- 
vate house.  He  says:  "Even  in  a  private  house,  not  at  all  uncleanly,  1 
have  seen  typhoid  dejections  emptied  from  a  commode,  and  the  latter 
tlioughtlessly  left  standing,  without  disinfection,  within  a  few  feet  of  a 
pitclier  of  milk  just  left  at  the  door,  lK>th  the  commotle  and  the  pitcher 
attracting  the  flies,  which  swarmed  about  and  went  from  one  to  the  otlier. 
Is  it  strange  that  thei'e  were  numerous  cases  of  the  disease  in  that  house, 
and  in  the  house  next  to  it?  I  have  seen  a  shallow,  old-fashioned  water- 
closet  fairly  buzzing  with  flies  on  a  hot  day,  and  all  around  it  open  win- 
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dows  and  doors  leadinj?  iuto  kitchens,  puu tries  and  dining  rooms.  A 
single  case  of  typhoid  would  start  a  severe  local  epidemic  under  such 
conditions." 

Summer  work  in  a  bacteriological  laboratory  would  convince  anyone 
of  the  flies'  liking  for  pathologic  material  of  any  kind.  They  are  sure  to 
light  near  and'crawl  over  slides  being  prepaivd  for  stains,  which  makes  it 
necessary  to  cover  everything  with  bell-jars  to  i>revent  laboratoi*j'  infec- 
tion. Moreover,  flies  ai"e  always  more  attnicteil  toward  diseased  persons 
than  toward  the  healthy  ones. 

The  whole  subject  is  of  great  interest  to  tlie  sanitarian,  l>ecause  it  opens 
up  a  comparatively  new  field  in  preventive  medicine.  It  applies  to  the 
home  as  well  as  to  the  conimunitj'  in  regard  to  general  cleanliness  and 
methods  of  garl)age  disposal. 

STRUCTURE  OF  HOUSE  FLY. 

Any  one  wlio  lias  examine<l  the  fly's  foot  under  tlie  miscroscope  can 
not  fail  to  see  how  perfectly  it  is  constnictwl  for  the  retention  of  dirt  and 
filth.  The  tine  Iiali*s  and  the  suctorial  discs  aflTord  magniflcent  opportuni- 
ties for  infectious  material  to  be  lodged  in  and  thus  tran,sporte<l  from  one 
si>ot  to  another.  In  fact  in  making  a  microscopical  examination  of  several 
flii^s'  toet  for  the  puiiKJse  of  making  a  photograph,  it  was  next  to  impossi- 
ble to  And  one  that  did  not  have  considerable  dirt  attachwl  to  it. 

The  pn>boscis  of  tJie  fly  also  affords  an  excellent  resting  place  for  dirt 
of  any  kind,  and  the  wings  and  bcHly  alsi>  serve  to  retain  material.  Thus 
the  fly  seems  to  be  made  for  the  pun)ose  of  carrying  small  (piantltles  of 
dirt  around  with  him  all  the  time,  a  circumstance  that  Is  quite  alarming 
if  we  could  follow  In  the  wake  of  the  fly  In  his  dally  and  hourly  travels, 
Instances  of  which  have  been  cited  almve. 

LABORATORY   WORK. 

While  laboratory  exi>erlments  are  not  always  satisfactory  In  a  subject 
of  this  kind,  yet  I  take  the  liberty  of  describing  here  some  that  were 
undertaken  In  the  Purdue  laboratoi-les  during  the  past  year.  While  the 
experiment**,  In  part  at  least,  have  been  done  In  other  laboratories,  the 
results  obtained  here  were  very  satisfactory,  and  the  plates  were  so  well 
marki^l  that  I  (Uhmu  them  well  worth  the  attention  of  the  Academy. 


Experiment  No.  1.  Typhoid  Fever  aod  Fly.— The  fly  was  placed  undVr 
the  bell-jar  with  filter  paper  saturatecl  with  fresh  boullion  culture  of  B. 
typhi  abdom.,  twenty-four  hours  old.  The  fly  was  closely  watched,  and 
after  he  had  been  observeil  to  walk  over  the  Alter  paper  several  times,  the 
bell-jar  was  carefully  niov.'d  from  the  Alter  paper.  After  twenty  minutes 
had  passwl,  a  Pefri  plate  containinic:  a  thin  Aim  of  sterile  agar  was  placed 
under  the  jai",  and  the  fly  ajrain  watched.  He  did  not  seem  to  be  attracted 
to  the  agar,  and  after  waiting  perhaps  half  an  hour,  it  was  decided  to 
force  the  fly  to  walk  over  the  agar  film.  So  he  was  carefully  caught  be- 
tween the  agar  Aim  and  the  Petri  dish  cover,  and  he  then  walked  over  the 
agar  beautifully.  The  agar  plate  was  incubated  for  twenty-four  hours 
and  the  result  was  very  signiflcant  It  is  shown  on  plate  No.  1,  on  which 
the  clearly  deAne<l  fly  path,  marke<l  by  bacteria  colonies,  is  clearly  shown. 
A  furilier  examination  d<'termined  the  pi^sence  in  these  colonies  of  the 
typhoid  bacilli. 

Kxperiment  No.  2.--A  similar  exi)eriment  with  some  Alter  paper,  sat- 
urated witli  typhoid  fever,  using  another  fly.  somewhat  less  time  elapsing 
between  liis  inoculation,  atid  being  made  to  walk  over  the  agar.  This  fly 
did  not  enjoy  walking  cm  the  agar  and  jumpecl  around  over  the  plate  con- 
siderably, as  shown  by  the  large  number  of  colonies:  plate  II.  Once  or 
twice  he  made  a  fairly  straight  tra<*k.  however,  as  may  be  seen.  These 
colonies  were  also  prov<Hl  to  contain  typhoid  fever. 

Kxprriment  No.  .*j.  Prodigiosus.— Large  fly.  After  one-half  hour 
walked  over  gelatine;  too  lively  to  make  tracks:  infected  whole  plate; 
plate  III. 

P^xperiment  No.  4.  I'rodigiosus.— Fly's  wings  removed,  and  then  he 
was  allowed  to  walk  over  infected  pai)er  and  agar  plate;  plate  IV. 

Exju'riniHut  No.  5.  Prodigiosus.— After  eighteen  hours  fly,  that  had 
been  infcctetl  with  prodigiosus,  was  allowed  to  walk  over  plate;  plate  V. 


CONCLUSIONS. 

It  is  evident  that  the  fly  can  become  infected  with  bacterial  filth  and 
hold  on  to  it  for  sufficient  time  to  inoculate  food  materials  or  other  ma- 
terials surrounding  human  lives.  They  must  always  be  regtkrded  as  a 
menace  to  health  as  long  as  they  have  access  to  filth  In  the  uelghborhood 
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of  human  dwellings,  be  they  temporary  or  permanent.  All  evidence 
lH>ints  to  the  strong  need  of  disinfecting  or  destroying  all  the  wastes  from 
ourselves  and  other  animals,  destroying  all  excreta  in  which  tlie  flies 
dei>osit  thoir  eggs,  and  to  do  all  to  eliminate  this  factor  in  the  spread  of 
infectious  and  contagious  diseases  that  heretofore  has  received  so  little 
attention. 


House  Boats  for  BioLO(acAL  AVork. 

By  Ulysses  O.  Cox. 

House  boats  for  plwisure  are  n(»t  at  all  uncommon  on  the  Mississippi 
River,  but  one  built  and  equipped  for  scienlilio  purposes  was,  until  the 
past  summe-r,  entirely  unlcnown  on  tliat  stream,  and,  I  am  told,  on  moet 
streams  in  tliis  section  of  the  country.  Last  March  the  writer  was  called 
to  Minneapolis  by  the  director  of  the  State  Zook^gical  Survey,  Pi*ofessor 
Xnclitricl).  and  aslced  to  suggest  plans  for  further  study  of  the  fishes  of 
the  State.  Among  these  suggestions  was  the  one  that  a  house  boat,  or 
ratlier.  in  this  case,  a  floating  laboratory,  be  built  at  Mankato  to  float 
d()wn  the  Minnesota  and  Mississippi  Hvers,  at  least  as  far  as  the  Stiite 
line. 

There  were  a  number  of  things  to  be  taken  into  considenition.  It  had 
bf^en  several  yeai-s  since  the  ^linni^sota  River  had  been  navigated  by  any 
craft  larger  than  a  row  boat,  and  just  how  large  the  floating  laboratory 
could  be  made  and  .still  float  and  be  manageable  wa*?  a  question.  There 
were  numerous  bridges  to  pass,  many  sand  and  gravel  bars  to  interfere 
and  hundrwls  of  snags  to  be  avoided.  It  was  Anally  decided  to  build  tJie 
barge  portion  of  the  boat  twelve  ft^t  wide,  twenty-two  feet  long,  two  feet 
deef)  and  with  a  flat  bottom.  It  was  estimattMl  that  a  boat  so  built  would 
draw,  when  empty,  no  more  than  five  or  six  inches  of  water,  which  esti- 
mate i>roved  later  to  be  correct.  On  top  of  the  barge  was  built  a  cabin 
twelve  feet  wide,  fourteen  feet  long  and  six  and  one-half  feet  high.  The 
roof  of  the  cabin  was  covere<l  with  boards  and  tlien  with  canvas.  At 
each  end  of  the  cabin  a  door  oi>ened  out  on  the  platform,  which  was  as 
long  as  the  wldtli  of  the  boat,  and  four  feet  wide.    On  each  side  of  the 
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cabiu  tliere  were  two  long,  movable  windows.  In  one  comer  of  the  cabin 
there  was  a  well  equipped  dark  room  for  photographic  work.  Along  one 
side  of  tlie  i-oom  was  a  laboratory  table  fitted  with  drawers  and  shelves, 
and  In  another  part  were  numerous  shelves  for  specimen  jars  and  dishes. 
A  common  cooking  stove  adorned  one  corner  of  the  room,  and  in  the  floor 
were  two  large  galvanized-iron  tanks  In  which  eatables  were  stored.  Be- 
sides a  complete  cooking  outfit,  cots  and  bedding,  we  had  various  kinds  of 
seines,  gill  nets,  hooks  and  lines,  microscopes,  dissecting  tools,  injecting 
apparatus,  and  all  other  things  needed  for  preserving  any  material  that 
we  might  tind.  Besides  a  large  number  of  jars  and  bottles,  two  large 
galvnnized-lnm  tanks  served  for  storing  preserved  material.  Formalin 
was  used  iiltogetlier  tov  preserving  mus(>um  and-  amitomlcal  material, 
and  it  worked  exceedingly  well,  ex<-ept  when  l(»ft  In  the  sun.  Under 
the  latter  conditions,  the  t'orniiilin  se(»nnMl  to  decompose  anil  the  material 
would  spoil. 

We  gui<ied  our  boat,  which  we  name<l  **Megalops,"  by  means  of  two 
large  oars  that  worked  in  oar  locks  place<l  on  each  end  of  the  boat  and 
we  foun<l  no  difliculty  whatever  in  directing  the  boat  just  where  we 
wisliCMl,  except  when  the  wind  was  blowing.  At  such  times  it  was  fre- 
quently necH^ssaiT  to  am.-lior  until  the  wind  (^»aftttHl.  Our  speed  was  seldom 
rapiil,  but  it  was  usually  very  satisfactory.  AVe  would  move  a  mile  or  so 
and  then  probably  sto-p  a  day  or  two  to  investigate  the  groumi.  and  would 
remain  at  one  place  as  long  a.s  the  collecting  was  pi*otitable.  During  the 
four  months  we  were  out  we  travehnl  from  Mankato  on  the  ^Ilnnesota 
Kiver  to  Red  Wing  on  the  Missis-sippi.  and  did  not  meet  with  a  single  acci- 
dent of  any  coiis<»(iuence.  It  will  be  rememl>ered.  a,lso,  that  much  of  this 
distance  is  fre<iuente(l  by  steamboats,  i-aft-s  and  floating  logs. 

At  times  tluM-e  were  as  many  as  six  pei^sons  in  the  party,  but  usually 
only  Ave.  During  tlic  four  months  that  tJie  Megalops  was  in  <,'ommlsslon, 
the  following  i>ers(His  wen»  on  lier  tov  work:  l*rof.  H.  V.  Xachtrleb,  of  the 
8t4ite  University  of  Minnesota,  and  Chief  of  the  Zoologkal  Survey;  Dr. 
I).  T.  McDougal,  of  the  Bronx  Park  Botanical  (Tai-dens,  New  York  City: 
Dr.  W.  S.  Nickerson,  of  the  Minnesota  State  University  MeilicaJ  School; 
W.  S.  Kienholtz.  .1.  K.  (Juthrie,  and  Charles  Zeleny,  srtudenb«  of  tlia  Uni- 
versity; George  Hinton.  the  "boy"  and  **cookee,"  and  the  writer,  who  was 
dubbed  the  **(»aptain." 

In  every  way  the  trip  was  a  success.     We  discovered  a  number  of 
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what  may  prove  to  be  new  species  of  fishes,  cei'tainly  new  to  Minnesota; 
collected  a  great  many  insects,  some  of  tliem  new,  and  a  numl)er  of  rep- 
tiles. BeBidee  these,  extensive  data  were  secured  concerning  a  number 
of  fishes,  valuable  histological  and  embi-yological  mateiial  was  preserved, 
and  a  number  of  anatomical  preparations  were  made.  There  is  no  better 
waj%  it  seems  tx>  mc,  to  study  the  fauna  and  flora  of  a  river  than  by  such 
a  floating  laboratory,  and  I  wish  to  strongly  commend  the  plan  to  any 
persons  who  are  considering  plans  for  such  study. 

The  Megalops  now  lies  anchored  at  Red  Wing  Minnesota,  on  the  Mis- 
sissippi Kiver,  and  it  wHl  likely  continue  on  down  the  river  tlie  coming 
season,  after  which  it  may  become  a  part  of  the  equipment  of  a  permanent 
biological  laboratory  on  the  Mississippi,  which  it  is  hoped  will  soon  be 
established  by  the  University  of  Minnesota. 


Tests  on  Some  Ball  and  Roller  Bearings. 

By  M.  J.  GoLDBN. 

These  tests  were  made  to  determine  the  comparative  friction  of  ball 
and  roller  l)eariugs  when  used  for  shafts  mider  onlinary  shop  conditions, 
so  the  simplest  forms  obtainable  were  used,  and  th^y  were  testetl  at  such 
spi»eils  as  usually  ocr-ur  in  shop  practice.  When  used  in  shop  practice 
two  or  more  of  these  l>earinj;s  are  placed  side  l)y  side  and  in  this  way  an 
ordinaiT  hanger  or  other  such  piece  of  apimratus  is  built  up.  In  the  test 
the  unit  of  the  maker  was  taken  for  the  size  tested  and  no  effort  was 
made  to  establish  any  relation  as  to  comparative  sizes. 

The  lx»a rings  selected  were  for  shafts  one  and  fifteen-sixteenths  inches 
in  diameter,  and  as  tlie  shaft  turns  in  direct  contact  with  tlie  rollers,  the 
spindle  used  was  a  piece  of  regulation,  cold-rolle<l,  shop  shafting  of  this 
size.  This  piece  of  shafting  broke  down  before  the  beaiings  were  affected. 
The  ball  bearings,  of  which  three  were  used,  were  of  the  form  shown  in 
fig  1.  In  this  figure  the  full  form  for  u  shaft  is  shown.  In  the  test 
the  bearing  at  one  end  was  used.  This  consists  of  an  inner  ring  of  case- 
hardene<l  steel  fitted  closely  to  the  shaft  and  having  a  V  groove  cut  around 
the  outside.     The  balls  travel  between  this  groove  and  a  corresponding 
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ouier  uroove.  The  Hiiles  nt  [lie  outer  groove  ore  sepurate  ringa  tliat  are 
h«ld  In  a  fmui^.  (>u«  tlxoi]  and  the  otlitr  adjustable  by  iiitjans  of  a  screw 
tliread  cut  on  tlie  lu.skle  of  the  fmme.  iiud  a  coirres|>oud)iig  one  cut  on  Lbe 
outside  of  the  riu^.  Adjusliucnt  of  the  l>eariiig  to  the  halls  is  gottea  by 
oieaiiR  of  tills  iluR.  This  gives  a  four-point  ljt*arlug  lu  which  the  balls 
tnivel  lu  tilan(.>3  iier|>oud<<.'utni'  to  (he  axis  of  tlic  Khaft.  The  baJls  weiv  .5 
tncli  in  diiiiueter. 

The  iirfler  hearings  used  were  of  the  form  shown  in  ttg.  2.  in  whicli, 
Jion-fver,  is  xhowti  :i  lieiiriug  luiviiig  four  sets.     In  the  ti'sl,  only  one  set 
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WHS  used,  as  this  wns  ilii-  unit  in  hulldlng  the  benrlng.  This  consists 
of  a  t-a)!:c  holding  fourteen  smnll  ■'oils,  of  hardened  steel,  ench  .313  Inch  lu 
dianietor  and  .l!2ri  incti  lonp.  These  are  se|iarated  from  one  another  in  the 
c«ge  by  bi'ass  hai-s.  IMirliig  the  o|H.>rotioa  of  the  liearing  the  only  friction 
lielween  the  L-age  and  rolls  ought  to  Im  that  Induced  by  the  weiglit  of  the 
cage.  It  was  found  that  tlio  lii'avier  loads  causeil  the  cage  to  become  Iradl.v 
wora  where  tlicii-  was  cotnait  between  the  i-iids  of  the  rolls  and  the  cage. 
The  cage  and  rolls  are  held  In  a  cylinder  of  steel  that  is  ca.refidly  bored. 
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then  case-hardened  and  ground.  No  further  grinding  or  other  treatment  to 
produce  a  greater  degree  of  accuracy  was  given  to  any  of  the  bearings  used. 
Four  tests  were  made  at  each  of  four  si>eeds  for  every  load,  so  that  sixteen 
tests  were  made  for  each  load.  With  some  of  the  roller-bearing  tests, 
where  the  results  varied  markedly,  a  greater  number  were  made.  In  the 
curve  of  tests  showing  the  comparative  friction,  each  point  is  tlie  average 
of  four  tests,  so  the  position  of  the  line  is  the  result  of  sixteen  tests.  The 
loads  were  varied  from  fifty  poimds  to  five  hundred  pounds.  It  was  found 
that  while  the  friction  increased  with  the  load  in  a  nearly  constant  ratio 
for  the  balls,  for  tlie  rolls  there  was  a  great  variation  at  and  after  three 
hundreil  pounds.  This  is  shown  by  the  points  on  sheet  *2.  An  examination 
of  the  shaft  showe<l  that  it  was  being  torn  away  in  small  flakes  under  the 
r><)0-ix)und  load,  and  this  tearing  increase*!  as  the  load  was  made  gi-eater. 
At  5(K>  pounds  the  shaft  was  torn  away  quit-e  rapidly,  especially  at  the 
higher  speeds,  and  after  a  few  minutes'  opei'ation,  a  ridge  was  fonned  on 
the  outside  edges  of  the  patli  of  the  rollers.  This  ridge  had  to  be  flleil 
down  on  one  side  before  the  cage  and  rollers  could  be  removed  from  the 
sliaft.  Neither  the  rolls  nor  their  hardened  steel  i*ace  were  affected, 
though,  as  already  mentioned,  the  si<les  of  the  cage  were  cut  by  the  ends 
of  some  of  the  i-olls.  Of  the  fourteen  rolls  in  one  cage,  this  wearing  oc- 
cun'ed  at  both  ends  of  four  of  them.  In  making  measurements  on  the 
dynamometer,  a  scale  reading  to  fractions  of  ounces  was  used,  so  In  plot- 
ting curves  the  unit  used  was  the  ounce. 

The  diagram  of  the  friction  cune  for  the  roller  bearings  shows  the 
l>oints  for  the  measurements  taken  at  each  load  to  be  within  spaces  that 
increase  slightly  until  the  250-i>oun(l  load  is  passtnl,  when  tlie  spaces  be- 
tween points  increase  in  such  manner  as  to  show  that  the  pull  on  the  scale 
was  due  to  more  than  the  friction.  It  will  l)e  seen,  however,  that  most  of 
them  seem  to  fall  below  the  line  made  by  the  curve  up  to  that  point,  if 
the  line  were  produced.  The  points  were  so  distributed  that  a  curve 
di*awn  through  the  average  position  would  not  mean  much.  Why  they 
fell  so  low  in  some  cases  I  was  unable  to  determine. 

The  diagram  for  the  friction  of  the  ball  bearings  shows  the  points 
^^'ithin  small  spaces  up  to  the  500-i>ounds  load.  How  much  farther  this 
would  continue  with  the  kind  of  bearing  used  I  did  not  determine,  though 
I  found  on  another  test  made  on  smaller  balls  and  bearings,  that  both 
.balls  and  bearings  l>egan  to  pit  s(.>ou  after  the  load  exceeded  500  pounds. 
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and  that  tliis  pitting  was  very  marked  at  700  pounds.  The  small  pieces 
torn  from  the  balls  and  racers  were  very  different  in  shape  from  the  flakes 
torn  from  the  shaft  by  tlie  rolls. 

The  diagram  giving  a  comparison  of  the  friction  line  of  the  two  kinds 
of  bearings  shows  the  friction  of  the  roller  bearing  to  be  more  than  twice 
as  great  as  that  of  the  ball  bearing.  Calculations  from  the  figures  taken 
during  the  tests  gave  tlie  co-efficient  of  friction  for  tlie  ball  bearings  used 
to  be  .0<D475,  or  less  than  one-half  of  one  per  cent.,  while  that  for  the  roller 
bearings  was  .014,  or  nearly  one  and  one-half  per  cent.  I  have  no  doubt 
that  if  tlie  shaft  used  was  of  steel,  hardened  and  ground,  as  the  rest  of 
the  parts  were,  that  the  friction  would  l>e  reduced.  As  the  shaft  was  torn 
by  tlie  rolls,  new  parts  were  brought  into  contact  and  a  marked  drop  of 
the  pull  occurred. 


Bearing-Testiko  Dynamometer. 

By  M.  J.  Golden. 

In  making  some  tests  to  determine  the  amount  of  i)ower  lost  by  fric- 
tion in  different  forms  of  shaft  bearings,  so  much  trouble  was  experienced 
in  separating  the  loss  in  other  parts  of  tlie  apparatus  used  from  that  In 
the  part  being  tested,  when  the  regular  transmission  type  of  dynamometer 
was  used,  that  the  apparatus  described  here  was  devised  for  that  puri)ose. 
It  was  tried  in  various  fonns  experimentally  before  the  present  form  was 
adopteil.  One  of  the  rougher  forms  was  described  here  last  year  in  con- 
nection with  a  report  then  made  on  some  bearing  tests.  In  such  tests  the 
whole  friction  is  so  small  that  it  is  difficult  to  separate  the  friction  due 
to  the  part  being  teste<l  from  tliat  of  the  rest  of  the  apparatus. 

The  machine  as  now  used  consists  of  a  cast  iron  frame,  made  heavy 
enough  to  bo  stiff  and  to  absorb  a  large  portion  of  the  vibration  due  to 
the  rapidly  moving  parts.  To  the  top  of  the  frame  is  bolted  a  cast-iron 
table  with  planed  surface.  On  this  table  are  bolted  two  carriages,  shown 
in  the  illustration  at  (a),  that  are  fitted  with  ball  bearings,  in  which  a 
spindle  or  shaft  revolves.  These  bearings  are  need  because  of  the  ease 
of  alignment  witli  them,  and  by  fastening  a  set  collar  on  each  side  of 


one  of  them  end  thrust  is  provided  for.  DifTerent  sises  of  spindle  mar 
be  ii»ed  by  Imving  spnre  sleeres  to  be  slipped  on  tbe  Bmaller  slses  and 
Into  the  bearlngB. 

The  special  features  of  the  machine  are  tbe  way  In  which  tbe  load  Is 
applied  and  measured.  Tbls  Is  aecompllnbed  by  having  a  stiff,  caat-lron 
yoke  <h),  throngh  the  center  of  which  the  aplndle  passes.     The  ends  of 


the  yoke  iirojecl  over  tlie  ends  of  the  table  and  are  pi-ovlded  with  hardened 
steel  kolfe  edges  (c)  on  which  ro«lM  are  hung,  and  the  weights  used  for 
the  load  are  suspende<l  on  these  rods  (d).  The  knife  edges  on  which  the 
welichtx  are  hung  are  on  a  line  that  paases  an  eighth  of  an  Inch  above  the 
center  of  the  yoke,  and  am  the  rods  are  free  to  move  i>n  the  edges,  a  nice 
Imlance  uf  tlie  yoke  <-nn  he  innlntnlne4l.  The  hearing  to  be  tested  is 
placed  In  n  cnue  that  Is  tilted  In  the  center  of  the  yoke,  and  the  shaft  or 
spindle  Is  revolieil   innlile  of   it.      Tlic   tendency  of  the  yoke  to  revolve 


85 

around  the  spindle,  due  to  the  friction  of  the  l>eariug,  Is  met  in  this  way: 
At  nine  Inches  from  the  center  of  the  yolie,  and  on  the  line  of  knife  edgea 
for  weights,  is  an  inverteil  liulfe  edge  (f).  Above  tliis  a  sensitive  scale 
<e)  is  suspended  and  a  link  connection  is  made  betw^een  the  scale  and  the 
knife  edge.  The  tendency  of  the  yoke  to  revolve  is  met  by  the  pull  of  the 
scale  and  the  amount  of  the  pull  is  registered  on  the  scale. 

Variation  in  speed  is  arranged  for  by  placing  on  the  end  of  the  spindle 
that  passes  tlirough  the  yoke  a  cone  pulley  of  four  steps  (g),  and  this  is 
driven  by  a  belt  from  a  corresponding  cone  pulley  on  a  shaft  (h)  in  the 
lower  part  of  tlie  frame.  On  tliis  shaft  is  another  cone  pulley  of  tliree 
steps  (j)  driven  from  one  on  a  countershaft.  So  a  wide  range  of  si>eed8 
can  be  gotten,  and  from  a  countei'shaft  driven  at  300  turns  in  a  minute 
the  spindle  in  tlie  yoke  has  Ikhju  made  to  i-evolve  at  speeds  vai-ying  from 
tliirty  turns  in  a  minute  to  0,0(H)  tiu-us  in  a  minute. 

On  the  assumption  that  in  some  forms  of  bearings  the  suspension  of 
the  yoke  on  the  spindle  would  Ik?  from  some  i>oint  near  the  top  of  the  l>ear- 
ing.  a  yoke  was  made  in  which  the  knife  t^lges  for  the  weight  rwis  could 
Ik?  mised  and  lowero<l,  and  some  t<»sts  wei'e  made  on  diflfei'ent  tyi>es  of 
bearings  with  the  edges  at  plac(»s  nlK)ve  and  Ik'Iow  the  center  of  the  yoke; 
but  though  tlic  susiK»nsion  varicMl  from  tlie  top  to  the  bottom  of  the  spindle 
no  measuivable  change  couhl  be  found. 

To  overcome  the  difficulty  of  fimling  the  zero  iwint  for  any  test,  a 
slightly  givater  weight  was  given  to  the  scale  side  of  tlie  yoke  than  to  the 
other  side;  and  any  one  reading  was  made  by  driving  tlie  spindle  tirst  in 
one  direction  and  then  in  the  other,  as  this  would  give  the  amount  of  pull 
due  to  friction  on  the  scale,  as  from  the  point  found  when  driving  one  way 
to  the  coiTesiK>nding  iK>int  found  when  driving  the  other  would  be  twice 
the  amount  that  would  be  gotten  when  driving  in  eitlier  way  alone. 


The  Toepler-IIoltz  Machine  for  Roentgen  Rays. 

By  J.  L.  Campbell. 
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A  Proposed  Notation  for  the  Geometry  of  the  Triangle. 

By  Robt.  J.  A  LEY. 

Everyone  who  has  studied  geometry  very  long  has  felt  the  need  of  a  uniform 
notation.  Much  time  is  wasted  in  getting  acquainted  with  the  notations  of  dif- 
ferent authors.  This  is  especially  true  in  modern  pure  geometry,  where  the 
figures  are  necessarily  complex.  The  notation  here  proposed  has  been  succese- 
fnlly  used  in  the  schoolroom.  It  is  partially  used  by  several  well-known  writers 
on  modern  geometry.     It  is  hoped  that  its  simplicity  and  system  will  commend  it. 

Let  the  triangle  always  be  lettered  ABC  and  in  the  usual  positive  direction  of 

mathematics,  i.  e.  counter  clock-wise.     Designate  the  sides,  opposite  the  angles, 

a,  b,  c,  and  when  necefisary  to  refer  to  them  by  number,  use  1,  2,  3.     Particular 

points  are  made  the  basis  of  the  notation.     An  example  will  make  the  method 
clear. 

Suppose  Z  is  some  particular  point.     In  studying  such  a  point  we  usually 

need  the  points  of  intersection  with  the  sides  of  the  lines  from  the  vertices  through 

Z,  and  also  the  feet  of  the  perpendiculars  from  Z  to  the  sides.     We  designate  the 

first  set  of  points  as  Z^a,  7/b,  Z'c  and  the  second  as  Z«,  Zb,  Zc. 

For  the  particular  points,   the  symbol  most  frequently  used   has  been   ii> 

general  selected. 

A       B      C       =  vertices  of  the  fundamental  triangle. 

=  centre  of  the  circumoircle. 
Mo     =  mid-points  of  the  sides  of  the  triangle. 

=^  centre  of  the  inscribed  circle. 

=  centres  of  1st,  2d,  3d  escribed  circles. 

=^  points  of  contact  offsides  with  inscribed  circle. 

=  points  of  intersection  of  AI,  BI,  CI  with  the  sides. 

=  points  of  contact  of  sides  with  Ist  escribed  circle,  and  so  on. 

-^zz  centroid  of  ABC. 

=  feet  of  perpendiculars  to  the  sides  from  G. 

=  symmedian  point  (Grebe's). 
Ka      Kb    Kc    =  feet  of  perpendiculars  to  the  sides  from  K. 
K'a    K^b  K'c  =  points  of  intersection  of  AK,  BK,  CK  with  sides. 
Ki      K2     Ks    =  1st,  2d  and  3d  ez-symmedian  points. 
Kia     Kib  Kic   =  feet  of  perpendiculars  to  the  sides  from  K,  and  so  on. 
K'la   K^ib  K'lc  -^  points  of  intersection  of  AKi,  BKi,  CKi  with  sides,  and  so  on. 
H  =  ortho  centre. 
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feet  of  altitudes  of  triangle. 

the  Brocard  points. 

Bocard's  1st  triangle. 

Brocard's  2d  triangle. 

centre  of  the  nine  points  circle. 

Nagel's  point. 

associated  Nagel  points. 

XagePs  triangle. 

Schwatt's  triangle. 

Tarry's  point. 

Steiner's  point. 

mid-points  of  the  arcs  of   the  circumcircle  subtended  by  the 

sides  of  the  triangle, 
opposite  points  from  A^B^C''  on  circumcircle. 
(iergonne  point, 
the  associated  Gergonne  points, 
the  sides  of  the  triangle, 
the  three  altitudes, 
the  medians, 
radius  of  incircle. 
radius  of  excircle. 
l(a-f  b  +  c). 
s  —  a,  8  —  b,  8  —  c. 
radius  of  circunif^ircle. 
area  of  triangle. 
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Some  Circles  Connected  with  the  TRfANGLB. 

By  Robt.  J.^Aley. 

In  mj  study  of  the  geometry  of  the  triangle  I  have  frequently  felt  the  need 
of  an  available  collection  of  the  circles  connected  with  it.  So  far  as  I  know,  no 
such  collection  is  extant.  The  following  list,  which  is  by  no  means  complete,  is 
offered  as  the  beginning  of  what  it  is  hoped  may  grow  into  an  exhaustive 
collection. 

1.  Cireumcircle. — The  circle  that  passes  through  the  vertices  A,  B,  C  of  the 

triangle.     Centre  at  M,  the  point  of  concurrence  of  perpendiculars  erected  at  the 

abc 
mid-points  of  the  sides.     R,  the  radius  =  — r-. 

2.  Incirele. — The  circle  which  is  tangent  internally  to  the  three  sides  of  the 
triangle.     Centre  at  I,  the  point  of  concurrence  of  the  three  internal  bisectors  of 

A 
the  angles  of  the  triangle,     r,  the  radius  =  -^. 

o 

3.  Exeircles.  The  three  circles  which  are  tangent  externally  to  one  side  and 
internally  to  two  sides  of  the  triangle.  Centres  are  I^,  I,,  Is>  the  points  of  con- 
currence of  the  external  bisectors  of  the  angles  with  the  internal  bisectors  of  A, 

A                     A                            A 
B,  C,  respectively.     The  radii  are  r,  = -,  r-  = ^  and  r,  =: . 

4.  Nine  Points  CircU. — The  circle  which  passes  through  the  midpoints  of 
the  sides  of  the  triangle,  the  feet  of  the  perpendiculars,  and  the  midpoints  of  the 
parts  of  the  altitude  between  the  orthocentre  and  the  vertices.  Centre  is  at  F, 
the  midpoint  of  IM.  The  radius  is  ^  R.  It  is  tangent  to  the  incirele  and  to  each 
of  the  exeircles. 

5.  Brocard  Circle. — The  circle  whose  diameter  is  the  line  joining  the  circum- 
centre  M,  to  the  symmedian  point  K.  It  passes  through  the  two  Brocard  points 
12] Qj  ^^^  through  the  vertices  of  Brocard's  first  and  second  triangles.  Centre  at 
midpoint  of  MK. 

6.  Cosine  Circle. — The  circle  which  passes  through  the  six  points  of  inter- 
section of  antiparallels  through  K  with  the  sides.  Centre  is  at  K  (Symmedian 
point). 

7.  Ex'Cosine  Circles. — The  three  circles  which  have  Kj,  Ka,  Kg  (ex-sym- 
median  points)  for  centres,  and  which  pass  through  B,  C;  C,  A;  and  A,  B,  re- 
spectively. 

8.  The  Lemoine  Circle. — The  circle  which  passes  through  the  six  intersections 
of  parallels  through  K  with  the  sides  of  the  triangle.     The  centre  is  at  the  mid- 
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point  of  MK.     The  centre  coincides  with  the  centre  of  Brocard'8  Circle.    The 

radius  is  equal  to  }  >^R'  -f  P^  where  p  is  the  radius  of  the  Cosine  Circle.  The 
segments  cut  out  of  the  sides  of  the  triangle  hj  the  circle  are  proportional  to  the 
cubes  of  the  sides  of  the  triangle.  For  this  reason  the  circle  is  sometimes  called 
the  Triplicate  Batio  Circle, 

9.  Taylor^$  Cirde, — The  circle  which  passes  through  the  six  projections  of 
the  vertices  of  the  pedal  triangle  on  the  sides  ot  the  fundamental  triangle. 

10.  Tucker^t  Circles, — The  circle  that  passes  through  six  points  determined 
as  follows:  If  on  the  lines  EA,  KB,  KC,  points  A'",  B^,  C/  are  taken  so  that 
KA^:  KA  =  KB'':  KB  =  KC:  KC  =  a  constant,  then  the  six  points  above  referred 
to  are  the  intersections  of  B^C^,  CA^  and  A^B^  with  the  sides  of  ABC. 

The  centre  is  at  the  midpoint  of  the  line  joining  M  and  the  circumcentre  of 
A'B^C^ 

The  circum-,  Lemoine,  Cosine  and  Taylor  Circles  are  particular  cases  of 
Tucker  Circles. 

11.  Orthoeentroidal  Circle, — The  circle  of  similitude  of  the  circum  and  nine- 
points  circle.     Centre  at  the  midpoint  of  HG.     Radius  is  i  HG. 

12.  MeCay*8  Circles, — The  three  circles  which  circumscribe  the  triangles 
BjCjG,  C2A2G,  and  AjBjG,  respectively.  (AjBjCj  is  Brocard's  second  triangle 
and  G  is  the  centroid. 

13.  Polar  Circle, — This  is  the  circle  with  respect  to  which  the  triangle  is  self- 
conjugate.  Its  centre  is  at  H.  It  is  real  when  H  is  outside  the  triangle,  evanes- 
cent when  H  is  at  a  vertex,  and  imaginary  when  H  is  within  the  triangle. 

14.     Circle. — The  circle  on  IM  as  diameter.     It  passes  through  A 5, 

B5,  Cj,  which  are  the  midpoints  of  A  A'',  BB'',  CC,  respectively.  (Proceedings 
Indiana  Academy  of  Sciences,  1898,  page  89.) 

15.  Adam^s  Circle. — The  circle  which  passes  through  the  six  points  determined 
by  the  intersection  with  the  sides  of  the  triangle  of  the  lines  through  the  Gergoume 
Point  P,  parallel  to  lalb,  lalc,  Ida,  respectively.    The  centre  is  at  I. 

16.     Circles. — Lines  through  Pj,  P2,  Pg   (the  associated  Gergoume 

points),  parallel  to  the  sides  of  Iialibic,  I2al2bl2i:,  and  Is*rsbl.'k-,  respectively,  de- 
termine sets  of  six  points  on  the  sides  which  are  concyclic.  The  centres  of  these 
three  circles  are  at  Ii,  1 2,  and  I3.  These  circles  might  be  called  the  associated 
Adam's  circles. 
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The  Point  P  and  Some  of  Its  Properties. 

By  Robert  J.  A  ley. 

P  is  the  point  of  concurrence  of  the  lines  drawn  from  the  vertices  of  a  triangle 
to  the  points  of  contact  of  the  inscribed  circle  with  the  sides.  It  has  been  called 
the  Oergonne  Point.     The  ratios  of  the  distances  of  the  point  P  from  the  sides  are 

—. r  :  7  7 rr  •    ■; —  — :  (Alev,  Contributions  to  Geom.  of  the  Triangle,  p. 

a(s  — a)     b(s  — b)     c(8  — c)^       •*  e    »  *' 

10  (10) ).     From  these  ratios  the  actual  distances  of  the  point  from  the  sides  is 
easily  found  to  be 

2Af8  — b)(8— c) 


PPh  = 

PPb=Tr 
PPc-= 


ai'(8  — a)(s  — b) 

2A(8--C)(8— ;^a]^ 

bi)(8—  a)(s  —  b) 

2A(8--a)0«-^>) 
c-(8--  a)  {%  —  b) 


P  and  Q  (Nagel's  Point)  are  isotomic  conjugates  and  they  are  coUinear  with 
Z,  the  isotomic  conjugate  of  I  (inrentre)  (Ibid.,  page  8,  III). 

Pi  (the  isogonal  conjugate  of  P),  Z,  the  isogonal  conjugate  of  Z  and  K  are 
collinear  (Ibid.,  page  13,  IV). 

Pi,  I  and  M  are  collinear. 

The  fatios  of  P,  are  a(8  —  a)  :  b(8  —  b)  :  c(h  —  c)  (Ibid.,  p.  3,  81). 

Froui  these  the  actual  distances  of  P^  from  the  sides  is  readily  found  to  be 

p..,   _2Aa(s-a) 
SI  a'  —  la- 


It  is  well  known  that 


PiPn, 

•"— 

2Ab(.s 
Wiia-  - 

-b) 

-  la--' 

Pi  Pic 

— 

2Acr8 
81  a-  - 

—  c) 

-  la--^ 

IIh- 

s 

Ilh- 

s 

IL- 

A 
s 

The  ratios  of  M  are  a(—  k^  -r  bs  -f-  c-)  :  b(a'^  -  b^  +  c^) :  c(a«  -^  b^  —  c*). 


From  these  ratios  it  is  easily  found  that 

a(— a^-Lb^f-f  c*) 


8A 

b  a'  —  h^  -i-  c^ 
8A 


MMc  =  --— ^, 


IZ  =  IIh-1>,P,. 


A        2Aa(S--a) 

I 

A 


S  8  In-  —  ^'  •■» 


*•« 


=  zrrr^— %-»   1  »'•'  -'-  a'^-  +  •>'<:  -!-  bc«  —  2  abc  -  b"  -  c-'  I 

Ol&  —a    —  — •"  )     ^ 
IX=IL-MMa 

_  A  _af--a*— b«  ft--) 
~  S"  "8A      ~     ■ 


^'SSA  [ ^A^-aSr-a'-'  +  b'-'  +  c^)] 

=  7^,   ('8(S-a)(S-b)(S-c)-a(-a^+b--'-hc^) 


.J 


"sIa  [a*b  +  a«c  +  »>-c-f-bc2  — 2abc  — b«  — c*] 
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fz:Ix  =  -—=-5 ^r^rr  (a^b  +  a^'c  +  b-c  +  bc*— 2abc  — b-*  — c»)  : 


8 


:  ~-  (a^b  +  a2c  +  b^c  +  bc^  —  2abc  — b»  —  c»)  = 
osv 

=  8A2:s(85:a2  —  ila'). 
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Similarly 

IZa  :  IX,  =  8Aa  :  8(82a»  —  2a») 
And  the  same  is  true  of  IZ3  :  IX,. 
The  points  are  therefore  col  linear. 
IZi:IXi=IP,  :IM 
IPi  :  IM  =  8A«  :  S(82a2  —  Sa») 
IF  I :  P,  M  =  IPi  :  IM  —  IPj  =  8A«  :  s(g2a»  —  Sa» )  —  SA*  = 

=  (— a  +  b4-c)(a  —  b4-c)(a  +  b  —  c):  s^a*  —  Sa^ 
—  (  — a  +  b4-c)(a  — b  +  c)(a  +  b  — c). 
The  ratio  of  division  is  too  complex  for  ordinary  use. 

If  upon  the  lines  PPa,  PPb,  PPc  equal  distances  fromP  be  taken  the  triangle 
AgB^Cg  thus  formed  is  similar  to  Nagel's  triangle  A,B,C,. 
For  ZAePBrt  =  n  — C 

And  Z  PA^Bo  =  Z  PBgA^  =  i  ^"(R  —  z  AePBg)  =  i  C. 
Similarly  the  Z  PB^Ce  =  J  A. 
And  bence  ZA6B6C6  =  J  A+iC  —  ^{k  +  C). 
Likewise  Z  B^Cfi A«  =  }  { A  +  B) 
And  ZB«AeC«=l(B  +  C). 

• 

But  these  are  the  angles  of  Nagel's  triangle  and  therefore  AhBqC^  is  similar 

to  A3B8C3. 

P  is  the  symmedian  point  of  the  triangle  lalblc  (Proc.  Edinburgh  Math. 
Soc,  Vol.  XL,  page  105). 

If  through  P  lines  are  drawn  parallel  to  the  Lib,  IbL,  Ida  respectively,  the 
six  points  of  intersection  with  the  sides  are  concyclic.  The  circle  is  call  Adam's 
circle. 
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Diamond  Fluorescence. 

By  Arthur  L.  Foley. 
[Abatract.l 

Some  three  or  four  years  since,  I  baxi  occasion  to  cut  a  large  number 
of  photographic  drj^  plates  to  smaller  sizes.  They  were  cut  in  the  usuai 
way  with  a  diamond,  and  on  the  side  of  the  plate  opposite  the  Him.  In 
developing  it  was  noticed  that  the  film,  to  a  breadth  of  a  few  millimeters 
along  the  eilge  of  the  plate,  turned  dark,  as  if  exposed  to  light. 

Sevei*al  possible  explanations  suggested  themselves: 

1.  The  breaking  of  the  glass  might  produce  momentary  tluorescence 
and  a  fogging  of  the  tilm  near  the  bi'eak. 

2.  The  breaking  or  tearing  of  the  tilm  might  result  in  some  sort  of 
change  in  its  chai-acter. 

3.  The  scratching  of  the  (liamon4l  might  set  up  mechanical  disturb- 
ances or  vibrations  in  the  glass  and  these  might  affect  the  film. 

4.  The  friction  between  the  diamond  and  the  glass  might  cause  a  mo- 
mentary fluorescence  along  the  line  trace<l  by  the  diamoiMi,  and  the  radia- 
tion might  pi»netrate  tlie  glass  and  fog  tlie  film  on  the  other  side. 


B    C 


The  last  is  the  true  explanation. 

The  tii-st  and  second  suggested  explanations  were  thrown  aside  at 
once,  for  the  dark  line  in  the  film  was  found  to  appeal*  along  the  diamond- 
scn-atched  line,  whether  the  plate  was  broken  or  not.  That  the  third 
explanation  was  not  the  time  one  was  shown  in  several  ways.  The  breadth 
and  intensity  of  the  dark  lines  did  not  appear  to  depend  upon  the  depth 
of  the  cut  or  the  rai)ldity  witli  wliich  it  was  made.  The  line  was  always 
of  the  same  breadth  on  the  same  plate,  but  of  different  breadths  on  differ- 
ent plates.  Moreover,  the  film  always  developed  first  on  the  side  next  the 
glass,  which  would  not  have  been  the  case  had  the  effect  been  due  to  any 
sort  of  strain  or  me<'hanical  disturbance.  The  effect  was  noticeable  on 
the  mo6;t  rapid  plates  only.    Seed's  "Gilt  Edge*'  were  used  in  most  cases. 


95 

I^t  f  represent  the  film  ou  a  section  of  the  glass  plate  g,  perpendicular 
to  the  diamond  scratch  s.    I^et  ns  regard  s  as  a  source  of  radiation. 

All  rays  (as  s  c)  lying  outside  the  critical  angle  i  are  totally  reflected 
and  hence  do  not  affect  tlie  tilm.  Those  having  an  incident  angle  less  than 
i  penetrate  the  film  and  fog  it  if  they  are  of  sufllcient  intensity.  The 
breadth  of  the  fogged  line  is  therefore— 

l>=2  AB==2  t.  tan.  i. 
where  t  is  the  thlcknes.s  of  the  glass  plate  and  i  is  the  critical  angle  for 
glass  and  the  film  substance. 

Taking  the  indices  of  refraction  of  glass  and  gelatine  for  violet  light, 
it  was  found  that  the  e(iuation  is  correct  to  within  the  degree  of  accuracy 
with  which  the  various  measurements  could  be  made. 

It  was  thought  that  the  light  produced  by  the  friction  of  the  diamond 
and  glass  might  be  sufficient  to  affect  the  eye.  Nothing  could  be  seen 
when  the  experiment  was  trletl,  although  the  observers  had  taken  the  pre- 
caution of  staying  in  an  absolutely  dark  room  for  an  hour  to  render  the 
eye  as  sensitive  as  iM>ssible.  But  tliis  does  not  prove  that  no  light  resulted 
from  the  friction.  A  ver>'  feeble  light  would  be  sufficient  to  fog  the  plate 
when  coming  from  a  point  so  near  the  film.  Besides,  the  fluorescence 
might  have  consisted  of  waves  too  short  to  affect  the  eye.  In  the  formula 
I  use<l  the  indices  of  refraction  of  violet  light  in  order  to  obtain  the  value 
of  the  critical  angle.  For  shorter  waves  the  indices  would  be  different, 
but  their  i-atio  probably  would  not  be  greatly  different  from  the  value 
usi^d. 

I-ater  experiments  have  shown  that  fluorescence  does  not  always  occur 
when  a  diamond  is  drawn  across  a  dry  plate.  I  am  not  yet  ready  to  say 
whether  it  is  due  to  differences  in  different  diamonds,  to  differences  in  the 
nature  of  the  glass,  or  to  changes  in  temperature,  electrification,  etc.  I 
hope  to  he  able  to  report  more  definitely  at  a  future  meeting. 


Some  Experiments  on  Locomotive  Combustion. 

By  J.  W.  Shkphkrd. 

Through  the  courtesy  of  the  T.  H.  &  I.  Railroad  officials,  a  study  of 
th«  combuBtiou  In  a  locomotive  while  In  operation  was  undertaken,  the 
atudy  being  made  fi*om  the  analyses  of  the  stack  gases.  The  analj'ses 
Tvere  made  with  a  modified  Orsat  apparatus. 

The  experiments  were  conducted  on  the  large  Schenectady  passenger 
-engines  and  on  fast  vxins  between  Terre  Haute  and  St.  Louis,  and  Terre 
Haute  and  Indianapolis. 

The  apparatus  for  sampling  the  ga^es  consisted  of  a  half-inch  gas  pipe 
extending  eight  or  ten  inches  into  the  center  of  the  stack  and  bent  uni- 
formly following  the  outside  of  the  stack  to  near  its  base,  where  another 
bend  led  it  back  to  the  cab  on  the  fireman's  side.  Through  thi«  pipe,  with 
the  proper  connections  inside  the  cab,  the  gases  were  drawn  into  bottles 
by  means  of  a  steam  jet  The  bottles  wei>e  fitted  with  ground-glairs 
stoppers.  Tlve  tmd  of  the  gas  pii>e  withiu  the  stack  was  fitted  \Nith  a 
thimble,  the  lower  end  of  which  was  solid  steel  and  tlie  sides  perforated. 
This  pai-ticular  fitting  was  foimd  to  be  essential  to  the  successful  oi>ei"atioii 
of  the  apparatus. 

Samples  were  taken  in  three  different  ways:  (1)  Foa*  periods  of  one  to 
two  minutes  by  displacement  of  watea*;  (2)  for  continuous  samples,  from 
Terre  Haute  to  terminals  of  road  if  desii^,  by  displacement  of  water, 
and  (i\)  for  any  period  of  time  (brief  as  desiixid  and  whenever  desired)  by 
air  displacement.  In  methotis  Nos.  1  and  2  the  water  displaced  was 
acidulated  with  sulphuric  acid.  In  method  No.  3  the  gas  was  passed  five 
times  before  the  bottle  was  disconnected  from  sampler. 

Motliod  No.  1  was  not  satisfactorj',  because  the  fii^man  did  not  fire 
normally  during  the  sampling. 

Method  No.  2  showed  that  the  value  of  a  fii-e  does  not  always  vary 
directly  as  tlie  inci'ease  of  carbon  dioxide  and  decrease  of  free  oxygen  in 
the  stack  gases.  Samples  Nos.  1  and  10  in  the  following  table  will  serve 
as  an  illustration.  No.  1  was  taken  continuously  from  Terre  Haute  to 
Effingham,  111.  (sixty-eight  miles),  and  No.  10  from  Effingham  to  East  St. 
Louis  (100  miles),  both  on  same  train,  but  different  crews.  No.  1  required 
less  coal  per  car  mile  than  No.  10.  It  is  to  be  observed  that  No.  10  shows 
a  percentage  of  carbon  monoxide,  which  means  that  the  rapid  evolution 
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of  hydrocarbons  resulte<l  in  a  fuel  loss,  and  is  largely  attributable  to  the 
kind  of  flring.  No.  J)  was  also  a  continuous  sample,  between  Terre  Haute 
and  Indianapolis,  and  showed  the  least  coal  coiisumption  per  car  mile  of 
any.  TWs  must  mean  that  more  volatile  matter  escaped  in  No.  1  than 
No.  9.  Carbon  monoxide  was  not  determined  in  sample  No.  1,  but  No.  9 
was  analyzed  for  it 

Samples  Noe.  2,  3  and  4  furnish  an  interesting  study  on  the  evolution 
of  the  volatile-combustible  matter. 

Samples  Nos.  5,  6,  7  and  8  show  more  strikingly  the  rate  of  volatiliza- 
tion. While  the  percentage  of  carbon  dioxide  in  samples  Nos.  5,  6  and  7 
remains  the  same,  it  is  to  be  noticed  that  the  percentage  of  free  oxygen 
decreases,  which  means  Increased  volatilization. 

As  a  rule  sampled^  show  less  unifomiJty  than  shoi)  tei^ts  on  account  of 
the  jan-ing  motion  of  the  locomotive. 

It  Is  intended  to  make  other  tests  in  conjunction  with  temperature 
determinations  with  a  view  of  determining  percentage  losses. 


No. 


CO2 


CO 


Free 
O 


Kind  of  FiriDg. 


Interval  During  Which  Sample 

Was  Taken  From  Time 

Fire  Was  Built. 


1 

9.1 

8.8 

2 

14.0 

0.8 

2.6 

3 

13.7 

1  ■* 

0.5 

2.6 

4 

*  12.6 

0.0 

5.4 

5 

10.0 

8.9 

6 

10.0 

8.4 

7 

10.0 

5.5 

8 

9.4 

8.7 

9 

7.9 

0.0 

10.4 

10 

11.0 

0.7 

5.24 

Medium  . . 
Heavy. . . . 
Heavy. . . . 
Heavy .... 
One  shovel 
One  shovel 
One  shovel 
One  shovel 

Light 

Heavy .... 


Continuous. 
20-30  seconds. 
36-45  seconds. 
50-60  seconds. 
2-3  seconds. 
3-4  seconds. 
4-5  seconds. 
5-6  seconds. 
Continuous. 
Continuous. 


Medium  fire,  2-3  scoops. 
Light  fire,  1-2  scoops. 
Heavy  fire,  4-5  scoops. 

7— Science. 
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Some  Ionization  Experiments. 

By  p.  N.  Evaks. 

The  proportion  existiJig  l>etweeii  the  ionized  and  un-lonized  molecules 
of  an  electrolyte  in  (aqueous)  solution,  is  represented  by  the  equation 
a  .  b=k  .  e,  in  wliieh  a,  b,  and  e  are  the  concentrations  of  the  anions, 
kathions  and  un-ionized  molecules  of  the  eleoti*olyte,  respectively,  and  k 
a  constant  depending  on  the  nature  of  the  electrolyte  and  independent  of 
the  concentration  for  moderately  or  highly  dilute  solutiofue. 

Supposing  Uii»s  etiuilibrium  to  have  become  etttablished,  which  is  the 
cjtse  in  an  exceedingly  brief  time,  if  not  institntaneously,  any  additicm  of 
eiither  kind  of  ion  concerned,  the  (luantity  of  solvent  remaining  the  same, 
must  result  in  an  increased  value  for  its  concentration  and  produce  a 
corresponding  increase  in  the  numlwr  and  concentration  of  the  un-ionized 
molecules;  U>i\  k  l>eing  a  constant,  any  increase  in  the  value  of  a  or  b 
will  involve  an  Increase  of  that  of  c  if  the  equilibrium  is  to  be  main^aJned. 

If  to  a  saturated  solution  of  an  electrolyte  there  be  added  a  second 
soluble  electrolyte  having  an  anion  or  kathion  in  common  with  the  first, 
there  must  result  a  state  of  supersaturati<m  with  regard  to  the  first  elec- 
trolyte or  a  sei>aratioii  of  a  iKW'tion  of  it  in  insoluble  form. 

Many  examples  of  this  are  familiar  to  all.  For  instance,  a  saturated 
solution  of  sotlium  chlo^ride  is  Instantiy  precipitated  by  the  addition  of 
concentrated  hydrochloric  af*id.  in  spite  of  the  water  that  is  added  at  the 
same  time;  on  the  (rther  hand,  the  case  is  complicated  and  the  precipita- 
tion assisted,  pix>bably  by  the  chemical  union  taking  place  between  the 
hydrochloric  acid  and  some  of  the  water,  made  evident  by  the  evolution 
of  heat,  thus  increasing  all  the  concentrations  by  removing  (chemically 
changing)  some  of  tlie  solvent.  The  wime  r(»sult  is  obtained  and  the  same 
reasoning  applies  when  calcium  chloride  is  added  to  a  saturated  sodium 
chloride  solution.  The  pre<*ipitation  of  sodium  chloride  is  brought  about 
without  this  compli«iUon  t>f  causes  by  the  addition  of  crystallized  potas- 
sium chhuide  (KCl)  or  anhydix)us  sodium  sulphate  (Na^SOJ,  and  even 
crj'stallizwl  so<lium  sulphate  (Na^SO^.lOHaO)  gives  the  same  result  In  spite 
of  tile  water  adde«l  in  the  crystals. 

Similarly,  potassium  chloride  can  l)e  precipitated  by  hydrochloric  acid, 
sodium  chUw-ide  (NaCl).  or  potassium  sulphate  (KjSO«);  and  copper  sulphate 
(CuSO,.r*II,<)»  by   cupric  chloritle   (ru<;i,.2H,0>.   copper   nitrate   (CufNO,),. 
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6H-0),  or  sulphuric  acid;  barium  chloride  (BaCL.2IIjO)  by  hydrochloric 
acid,  or  soditim  chloride;  calcium  sulphate  (CaS04.2H20)  by  sulphuric  acld^ 
potassium  sulphate,  calcium  nitrate  (Ca(NOa)3.4H20);  lead  chloride  (PbCU' 
by  hydrochloric  acid,  sodium  chloride,  potassium  chloride. 

In  this  li«t  we  have  a  very  wide  range  of  solubility:  100  parts  of 
water  dissolve  NaCl  35,  KCl  32,  CuSO^.SHjO  40,  Ba01,.2H,0  33, 
GaS04.2HaO  .20,  PbCl.  .74  parts.  It  is  not  evident  whether  easily  or 
difficultly  soluble  substances  should  resiwnd  more  readily  in  the  yielding: 
of  a  precipitate  under  these  conditions,  for  the  much  greater  degree  of 
supersaturation  attainable  with  an  easily  soluble  substance  may  be  offset 
by  the  greater  difficulty  in  disturbing  this  state  of  supersaturation. 

The  greater  the  solubility  of  the  electrolyte  added  to  the  saturated 
solution,  the  more  readily  a  precipitate  should  be  obtained;  and  the  higher 
the  dissociation  constant  of  the  second  electrolyte,  the  more  probable  is 
a  marked  result. 

In  spite  of  the  apparently  favorable  conditions  tn  this  respect  all  at- 
tempts to  precipitate  lead  chloride  from  its  solution  by  means  of  lead 
nitrate  were  in  vain.  A  saturated  solution  is  very  readily  prepared  by 
warming  the  solution  in  contact  with  an  excess  of  the  salt,  and  then  cool- 
in,g.  owing  to  tlie  great  difference  in  solubility  in  hot  and  in  cold  water. 
The  immediate  and  copious  precipitate  produced  in  this  solution  by  the 
addition  of  sodium  or  potassium  chloride  or  hydrochloric  acid  seemed  to 
imlicato  that  the  tendency  to  remain  in  the  supersaturated  condition  was 
verj'  slight  in  the  case  of  this  salt,  yet  tlie  addition  of  lead  nitrate  crystals 
to  the  solution  (saturated),  even  in  the  considerable  quantity  made  possi- 
ble by  the  ready  solubility  of  the  nitrate  (48  parts  in  100),  faile<l  to  cause 
any  precipitation,  either  immediately  or  on  long  standing,  or  even  oa 
a<ldi'ng  a  crystal  of  lead  chloride  to  Induce  crystallization  from  the  solu- 
tion, supposing  it  to  be  supersaturated.  I^ead  nitrate,  like  most  normal 
salts,  has  a  high  dissociatiou  constant,  more  than  half  that  of  the  strong- 
er: acids  in  a  .1  per  cent,  solution  (calculated  by  Arrhenius  from  conduc- 
tivity exi)eriments  by  Kohlrausch).  This  fact,  and  its  high  solubility, 
should  be  most  favorable  to  the  precipitation  of  the  lead  chloride,  on  ac- 
count of  the  considerable  lncrc*ase  in  the  concentration  of  the  lead  ion» 
made  possible  thereby. 

In  harmony  with  the  usual  similarity  of  barium  to  lead,  a  saturated 
solution  of  barium  chloride  showed  no  sign  of  precipitation  with  barium 
nitrate  (BafXOa)^);  as  already  stated,  a  precipitate  was  produced  by  the 
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addition  of  hydrochloric  acid,  or  sodium  or  potassium  chloride  to  the  satu- 
rated barium  chloride  solutiou. 

Similarly,  iK>ta»siuni  sulphate,  though  precipitated  from  its  saturated 
Holution  by  tlie  addition  of  iwtasslum  chloride  or  sodium  sulphate,  gave 
no  precipitate  with  sulphuric  acid;  and  calcium  sulphate  was  not  thrown 
down  by  either  sodium  sulphate  or  amiuonium  sulphate  but  did  seimrate 
slowly  on  the  aildition  of  iwtassium  sulphate  and  more  quickly  with  sul- 
phuric acid. 

Apimrently,  then,  in  the«<e  cases,  the  numlier  of  un-ionlssed  molecules  of 
the  first  is  not  inci-ease<l  by  the  addition  of  the  second  electrolyte,  and  tlie 
only  plausible  explanation  se<Mns»to  be  that  in  these  cases  double  salts  are 
formed;  e.  g.,  lead-chl(>ride-nitnite  (PbClNOs),  barium-chloride-niti*ate 
<BaClN03),  hydrogen-potassiuui-sulphate  (HKSOJ,  calcium-sodium-sul- 
phate  (CaNa2(S04)//),   and   calcium-ammonium-sulphate  (Ca(NH4),(S04),?K 

Taking  the  case  of  lead  chloride  as  an  example,  the  addition  of  the 
lead  nitrate  must  immediately  increase  the  number  of  lead  ions,  but  at 
the  same  time  diminislies  lM>th  this  and  the  numl>er  of  the  chlorine  ions  by 
permitting  the  fonnation  of  lead-chlorlde-nitrate,  so  tJiat  the  value  of  the 
product  of  tlie  concentrations  of  hmd  and  chlorine  ions  is  not  thereby 
increased,  thus  causing  no  rise  in  value  of  the  concentration  of  tlie  lead 
chloride,  and,  thei^f(«v,  no  separation  of  this  substance  as  a  precipitate. 
It  does  not  follow  that  this  peculiarity  of  behavior  must  accomi>any  the 
fonnation  of  a  double  salt  under  similar  ciixiumstances,  however,  for  it 
may  l>e  that  the  incrt»ase  of  the  concentration  of  one  kind  of  ion  eoncenied 
may  more  than  counterbalance  the  simultaneous  decrease  in  this  and  tliat 
of  the  other  kind  of  ion  involved:  this  is  simply  a  question  of  tlie  value 
of  the  dissoc'iatlon  (constants  of  the  electrolytes  present 

It  seems  probable  that  double  salts  exist  in  solutions  whenever  there 
is  a  polyvalent  acid  in  piH**ence  of  two  or  more  bases  or  a  polyvalent  bjise 
in  presence  of  two  or  more  acids,  though  other  evidence  of  the  existence 
of  most  of  these  compounds  is  at  pi'esent  lacking.  Since,  however,  we 
know  and  rccognij«»  the  existence  of  only  tliose  double  salts  which  sei>a- 
rate  out  from  solutions  of  their  constituents  rather  than  these  constituents 
in  distinct  ci-ystals,  the  evidence  so  far  accepte<l  for  the  existence  of  such 
compounds  is  of  a  very  limitetl  kind,  namely,  only  their  solubility  relative 
to  that  of  their  constituents.  In  other  woixls.  if  these  separate  in  prefer- 
ence to  the  double  conii>ound,  tlie  latter  does  not  exist  so  far  as  tills  kind 
of  evidence  is  concerned. 
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Now,  siippo(f;in;u;  tlmt  in  a  solution  of  equivalent  quantities  of  the  e«)u- 
stituents  the  diasociation  constants  of  these  and  the  double  salt  are  such 
that  approximately  e<iual  numbers  of  molecules  of.  the  three  kinds  exist 
un-ionizeil,  and  the  solution  be  coneenti-ate<l,  the  double  salt  will  separate 
if  its  molecular  solubility  (solubility  divided  by  molei'ular  weight)  is  less 
tliflu  that  of  either  constituent,  but  not  otherwise.  Of  coui*se,  it  is  not 
pn>bable  that  the  constants  are  such  as  to  even  approximately  pnxluce  a 
condition  like  that  imagincMl  in  the  example  just  «U»scribe<l,  but  inasmuch 
as  normal  salts  do  not  differ  very  widely  in  their  dis«50<Matiou  constants, 
the  facts  may  be  nearly  enough  in  harmony  with  the  supposition  to  make 
a  stu«ly  of  these  moltHular  solubilities  not  without  interest  in  this  con- 
nectiim,  though  the  diita  available  are  not  so  inimerous  as  might  be 
desired. 

An  examination  of  the  solubilities  of  twelve  double  salt«  si»lected  at 
ramlom  show<'<l  the  facts  to  be  in  aci*ordance  with  this  theodT  ^\ithout  a 
single  exception.  The  figures  are  given  in  the  following  table,  the 
formulas  select cmI  being  those  of  tlie  substances  scpaniting  out  as  crystals 
from  their  solutions. 


r,.^,n^..l.,  "•  Molecular 

KjSO^ 174 

Aljj(SOj3.18H>0 665 

KAUSOja-J^HjO   474 

(NHJaSOj 132 

Al.CSOJa.lSH.O  665 

(NHJAUSO^  ,.12H,0 452 

K2SO4 174 

CfjCSSO,  >3.1ftH,0 717 

KC^(S0^)J2H,0 500 

(NH^l^SO^ 132 

Crj(S04)3.18H20 717 

(NH4)Cr,S(>4)2.12n20 478 

K,S(), 174 

FeaCSOJg.OHaO 562 

KFe(S04  >  2.  I2H2O 503 


f>.  nmurniijy  in 
100  paft$  latter. 

b-^aX  IO(J 

12.5 

7.2 

85 

12.8 

9.5 

2.0 

77 

57.6 

85 

12.8 

9 

2.0 

12.5 

7.2 

120 

16.7 

20 

4.0 

77 

57.6 

120 

16.7 

over  12 

over  2.5 

12.5 

7.2 

over  80 

over  14.1 

20 

4.0 

102 

Ev  ,^„i_  a.  Molecular         b,  Solvbility  in 

rormuia.  weight.  100  pnrtt  water. 

(NH,)^SO^ 132  77 

FeSO^JH^O 278  60 

(NH,),Fe(SO,)2.6H20 392  17 

NII4CI 53.4  33 

8nCl4.5H20 350         over  1900 

(NIl4>2SnCl« 366  33 

K,80, 174  12.5 

CaS04.2H,0 172  0.205 

CaK2(SOj2.H.^O 328  0  25 

K2SO, 174  12.5 

C0SO4.7II2O 280  58 

K2Co(S04),.6H20 437  19 

K^SO^ 174  12.5 

NiS04.7Il20 281  (57 

K2Ni(S04)2.6H20 437  5.3 

KCI 75  32 

MgCIa.OHjO 203  130 

KMgCl.,  OHjO 278  64.5 

K,CO, 138  110 

NaaTOj.lOHjO 286  21 

KNaCO,.6H20 230  13 


b-i-aX  100 

57.6 

21.6 

4.3 

61.8 
over  543 
9.0 

7.2 

0.12 

0.08 

7.2 

20.7 

4.3 

7.2 
23.9 
1.21 

42.6 
04.0 
23.2 

80.0 
7.34 
5.6 
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Synthesis  of   2.3,3 -Trimethyl    Cyclo-Pentanonb,  A  Cyclic 

Derivative  of  Camphor. 

By  W.  a.  Noyes. 

When  a  solution  of  the  sodium  derivative  of  methvl  malonic  ester  and  of  the 
•ethyl  ester  of  y-bromisocaproic  acid  in  absolute  alcohol  is  boiled  on  the  water 
bath,  about  six  per  cent,  of  the  brom-ester  is  converted  into  the  ethyl  ester  of 
2.3,3,  tetramethyl-hezanoic  1,  2^,  6-acid, 


CCCH. 

I 


pTT^    !^-*    C  CII2CH2CO2C2H5, 

The  free  acid,  obtained  by  saponification  of  the  ester  with  caustic  potash, 

loses  carbon  dioxide  when  heated  to  200°  and  is  converted  into  u-/^/}-trimethyl- 
ndipic  acid,  CH,  —  CH  —  COj H 


QTT^  >  C  —  CHj  — CH2CO2H.     When  this  acid  is  mixed  with  lime 

3 

and  distilled,  2.3,3-trimethyl  cyclopentanone,  CH3  —  CH  —  CO 

I 
CH, 

^JJ«>C     —  CH2,  is  formed.    The 

oxime  of  this  ketone  was  proved  to  be  identical  with  the  oxime  of  the  ketone  ob- 
tained by  J.  W.  Shepherd  and  myself  from  a-hydroxydihydrocis-campholytic 
acid.  This  synthesis  establishes,  beyond  reasonable  doubt,  the  correctness  of 
Bouveault's  formula  for  camphor. 

CO  — CH2 

I  I 

CH3  — C    — CH 

I 

CH2 

I 

CH3    '^    —CH2. 
The  details  of  the  investigation  appear  in  the  American  Chemical  Journal, 
Vol.  23,  p.  128. 
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Contributions  to  the  Flora  of  Indiana.    VI. 

By  Stanley  Coulter. 

Ill  view  of  tJio  publication  in  the  near  future  of  a  catalogue  of  the 
phaneroganiio  tioni  of  the  State,  this  contaibution  is  limited  to  a  discus- 
ftion  of  a  few  faiiiiliet*,  couecM'ning  wliich  we  liave  need  of  further  knowl- 
edge. Each  of  the«e  families,  despite  its  familiarity,  presents  especial 
difflculti(»s  in  the  discrimination  of  species,  difticulties  which,  as  a  rule,  are 
not  appi-eciated  l).v  tlie  Ivotanist  who  works  remote  from  herbaria.  Scant 
material  and  all  too  brief  descriptions  are  responsible  for  a  large  propor- 
tion of  the  errors  which  have  found  their  way  into  local  li«ts. 

POLYGONACE.i:. 

Pcrlinps  tli(»  greatest  uncertainty  exists  in  regaixi  to  the  si>ecies  of 
Rumf'.r  within  the  State.  Of  tlie  eight  siHH'ies  reixwted  in  the  State,  the 
following  are  undoubtcHl:  R.  AretosvUa  L.,  /?.  Rntunnica  L.,  R.  crispiis  L., 
R.  ohivsifnliitH  L..  and  R.  n rtiiUhitHs  L. 

Rumcr  altistthiius  Wo<k1,  reporttMl  from  Jay,  Delaware,  Randolph  and 
Wayne  counties  by  Dr.  riiinney,  and  from  Dearborn  County  by  Dr. 
Collins,  is  prolmbly  R.  Briiunnioa  L.,  uiwler  mesophytic  conditions.  1  have 
had  several  rolh^'tions  of  the  form  referred  to.  R.  aHiasitnus  Wood,  for 
examination,  and  they  take  tlieir  place  so  naturally  in  a  series  of  R. 
Britauniva  L.,  cc^llccttMl  to  sh(»w  the  effcH't  of  differing  conditions  upon  the 
species,  that  it  is  impt>ssible  to  avoid  the  suspicion  that  in  maiij'  cases,  at 
least,  the  fonns  ref(MTe<l  to  aJthssimus  are  really  Hritannica.  I  am  un- 
willing to  excludi^  the  form  from  the  State  flora,  not  having  se^n  the 
specimens  of  Dr.  riiinney.  1  reipiest.  however,  that  if  in  any  of  the  her- 
baria in  the  State  there  are  forms  refen*e<:l  to  altissimuit,  tliey  l>e  examined 
with  care  and  n'iM>rt  made  to  me  before  the  publication  of  tlie  flora,  in- 
stead of  after  its  apfH^arance. 

R.  orridentaUfi  S.  Wats.  IJei)orted  from  .TefTtM*son  County  by  J.  M. 
Coulter,  and  from  Clark  County  by  Haii'd  and  Taylor,  is  probably  to  l»e 
excludtMl  from  the  State  list.  There  are  no  verifying  si>ei'imeiis,  and  in 
fairly  full  colh^-tions  of  the  genus  made  from  th<M«i»  counties  during  two 
seasons  the  form  dcx^s  not  appear.  There  is  no  especial  reason  why  it 
shouhl  not  be  a  meml>er  of  <mr  flora  so  far  as  its  geograpliicail  distribution 
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goes,  and  I  should  uot  be  surprised  if  it  were  found  in  some  of  the  her- 
baria of  the  State.    If  so  a  prompt  report  should  lie  made. 

Rumex  snngmneus  L..  reported  from  .fefferson  and  Clark  eounties, 
shows  itself,  upon  an  examination  of  the  specimens,  to  be  It.  crispus  L., 
with  the  veins  of  the  foliage  leaves  of  a  somewhat  reddish  cast.  The 
outer  characters  are  evidently  those  of  It.  (rispua  I-..  In  the  absence  of 
further  data  R.  sanguineus  must  be  excluded  from  the  State  list. 

It  may  be  suggested  at  this  point  that  few  forms  respoml  in  so  marked 
a  manner  to  changed  conditions  as  tlie  docks.  These  changes  involve  the 
general  habit,  venation,  inllorescence  and  markings  of  the  valves.  The 
collection  of  a  single  si>ecies  umler  varying  conditions  will  sufficiently 
explain  the  doubt  felt  in  admitting  to  the  State  flora,  without  further 
evidence,  the  three  form«  just  discussed. 

The  genus  Polygonum  is  represented  by  nineteen  species  in  our  bounds. 
The  si>eclmens  exaxnine<l  show  a  number  of  incorrect  ivferences,  which 
serve  to  render  doubtful  some  statements  as  to  the  distribution  of  these 
forms.  Among  the  more  common  erroi*s  of  reference  are  tlie  following: 
P.  lapathifoUum  Iv.,  for  /'.  incarnntum  Ell.  The  larger  and  more  erect  forms 
of  P.  avicrulare  L..  for  P.  ercctum  L.,  while  very  often  /'.  Hydropipvr  L.,  and 
P.  punvtatum  Ell.  =iP.  acre  H.  B.  K.)  are  found  associated  ui>on  a  single 
herbarium  sheet.  An  examlnatJon  of  the  ordinary  descriptions  of  these 
species  will  show  how  easily  such  eiTors  in  refeivnce  may  l)e  made,  and 
how  small  is  the  likelihood  of  their  subsequent  correction  unless  especial 
attention  is  called  to  them. 

P.  Careyi  Olney  is  reported  only  from  Noble  County  by  Van  Gorder. 
This  is  to  my  mind  a  very  doubtful  inference.  The  recorded  range  of  the 
siK*cies  is  northern  Maine  and  New  Hampshire  to  Pennsylvania  and  On- 
tario, wliich  militates  somewliat  against  the  accuracy  of  tlie  reference, 
while  the  wide  range  of  variation  in  the  nearly  relate<l  species  P.  am- 
phibium  L.,  ami  /*.  emersum  (Michx.)  Britton,  i=P.  Muhlenhergii  Watson) 
suggest  its  proper  inference  is  to  one  of  these  forms.  My  own  experience 
in  the  collection  of  Polygonums  in  the  same  ivgion  leads  me  to  believe  tlie 
form  to  be  /'.  emersum.  P.  Caregi  Ohiey  is,  thei'efoi'e,  to  l>e  omitte<i  from 
the  State  list  unless  other  <lata  are  available. 

P.  ramosisHimum  Mi<hx.  is  reported  only  from  Vigo  County,  by  \V.  S. 
Blatchley.  The  recognized  range  of  the  plant  includes  the  whole  State. 
It  is  probable  that  it  is  of  fairly  general  distribution  and  has  l)een  mistaken 
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for  P.  erectum  L.,  from  which  it  differs  chiefly  in  its  reduced  and  bract-like 
upper  leaves. 

P.  tenue  Michx.,  reported  only  from  Tippecanoe  CJounty  and  Lake 
County,  is  in  much  the  same  case.  It  is  probable  that  in  most  instances 
it  has  been  mistaken  for  P.  avicvlare  L.,  which  it  closely  resembles  in 
habit  of  growth  and  general  aspect.  Since  reco^uiizing  it  in  Tii^)ecanoe 
Coimty  I  have  been  greatly  surprised  to  find  how  abundantly  it  occurs. 
It  would  be  well  to  examine  herbarium  specimens  with  some  care  for 
these  two  forms. 

Generally  speaking,  tlie  species  of  this  genus  can  not  be  satisfactorily 
distinguished  unless  collected  in  fruit  a  fact  which  seems  to  have  been 
lost  sight  of  in  most  of  the  herbarium  sheets  which  have  come  to  my 
notice. 

GERANIACE.E. 

In  this  family,  as  at  present  limited,  there  are  but  the  two  genera 
(ii'ianium  and  Erodium. 

So  far  as  I  am  able  to  determine  the  only  species  of  geranium  within 
our  bounds  arc  (?.  CaroUninnum  L.  and  G.  maculatum  L.  Both  seem  of 
general  distribution,  although  perhaps  maculatum  extends  farther  north 
and  is  everywhere  much  more  abundant. 

G.  Rohertianum  L..  reported  fix>m  Dearborn  County,  by  Dr.  Collins,  is 
probably  Carolinianum.  There  is  no  apparent  reason  why  G.  Rohertianum 
should  not  occur  within  the  State,  but  as  yet  I  have  failed  to  find  it  in 
any  collection.  Several  unpublished  lists  that  have  come  into  my  hands 
have  included  G.  dissevtum  L.  The  plants  so  referred  are  in  every  case 
depauperate  forms  of  G.  Carolinianum  L. 

Erodium  cioutarium  (L.)  I/Her.  is  reported  only  from  Gibson  and  Posey 
counties,  by  Dr.  Schneck.  It  is  to  my  mind  very  improbable  that  this 
rather  rare,  advontivo  plant,  reported  only  from  New  York  and  Pennsyl- 
vania, Rliould  liave  found  kxlgement  in  the«e  counties  as  a  permanent 
nienil>er  of  our  flora.  Dr.  Schneck  preserv'ed  no  specimens,  but  doubtful 
forms  were  passeil  upon  by  Dr.  Gray.  In  my  opinion  the  plant  is  not  a 
member  of  the  State  flora,  its  admission  in  ail  probability  being  based 
ujxm  a  teraix>rar>-  escape.  Unless  additional  data  are  at  hand  it  will  be 
dropped  from  the  State  list. 
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POLYGALACE.«. 

Eight  si)ecie8  aDd  one  variety  of  the  genus  Poly  gala  have  been  re- 
corded in  the  State.  Of  these  Polyyala  Senega  L.,  Polygala  Senega  latifolia 
Torr.  &  Gray  and  Polygala  viridescens  Jj.  (=P.  sangninia  L.)  are  of  general 
distribution  and  fairly  abundant. 

The  following  are  reported  from  a  single  station: 

P.  ambigna  Xutt  =(P.  verticillata  var.  ambigua  Wood),  from  Gibson 
an<l  Posey  counties,  upon  the  autJiority  of  Dr.  Schneck. 

P,  cruciata  I^.,  from  Cass  County,  by  Dr.  Robert  Hessler. 

P.  Ntittallii  Torr.  &  Gray,  from  Jefferson  County,  by  J.  M.  Coulter. 

P.  verticillata  I.,  is  reported  from  only  two  stations,  Jefferson  County 
ami  Noble  County,  while  P.  polygama  Walt,  is  also  reported  but  from  two 
counties.  Vigo  and  Klkhart.  The  difficulty  of  discriminating  the  species 
of  this  genus,  l)ocaiu«e  of  their  great  variability  and  because  of  the  fact 
that  nearly  related  forms  tend  to  l>c»come  confluent,  makes  the  inclusion 
of  theae  forms  repoited  from  a  single  station  a  matter  of  some  doubt. 
The  mateilal  examined  verifying  the  references  has  been  so  scant  that 
critical  study  lias  been  impossible.  There  is,  however,  in  no  instance  any 
range  improbability  in  tlie  reconl.  The  well-known  accuracy  of  the  botan- 
ists reporting  these  forms  is  sufficient  to  justify  their  inclusion  in  tlie  list. 
It  is  e«»p€»cially  desirable  that  those  in  charge  of  he(rl)ttria  should  examine 
their  Polygalas  in  the  hope  of  both  extemling  the  range  of  tliese  forms 
and  justifying  their  inclusion  in  the  State  list. 

VIOLACE.li:. 

Sixteen  species  of  the  genus  Viola  have  been  recorded  from  tlie  State, 
at  least  four  of  which  seem  questionable,  so  much  so.  indeed,  that  withoiit 
additional  evidence  they  should  be  exdudetl  from  the  State  list.    " 

Viola  hatftata  Michx.,  reported  only  from  Clark  County,  upon  the  au- 
thority of  Baird  and  Taylor,  is  a  mountain  fomi.  It  occurs  in  the  Alle- 
ghanies  in  Pennsylvania  and  follows  the  system  southward.  It  has  an 
additional  station  in  the  extreme  northeastern  i:)art  of  Ohio,  but  apart 
from  tills  is  confined  to  the  mountain  regions.  It  is  closely  allied  to  V. 
puhescenSf  Alt.,,  from  which  it  differs  essentially  in  the  size  of  the  stipules. 
The  halberd-shaped  leaf  often  passing  into  an  oblong  to  heart-shaped, 
while  the  broadly  heart-shaped  leaves  of  pubescetis  as  frequently  narrow. 
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The  pefeivuco  is  iindouhttHlly  inconvet.  the  plant  Iwiup  a  narrow- leaved, 
rather  glabrous  form  of  the  1'.  pubescemf  Ait. 

V.  inimiilaefvUa  I^.,  ix»ported  as  rare  in  moist  soil  in  Gibsou  jiiid  IV»«*e.v 
countJe<»,  by  Dr.  SclnuH'k,  I  am  forced  to  regard  as  a  form  of  V.  Manda 
Wllld.  v.  primuhirfulia  is  an  eastern  plant  ranging  from  Xew  Kuglaoil 
to  P^lorida  near  the  coast.  A  glance  at  the  des(*riptions  i>f  bUinda  and 
primulavfolia  will  sei've  to  show  how,  witli  slight  foliar  clianA^t^.  it  might 
be  i)ossible  to  mistake  the  two  forms.  1  have  examintnl  for  interveniUiL' 
stations  so  far  a«  I  was  able,  but  have  fouml  none  that  indicate  even  the 
slightest  western  movement  of  the  s|)ecies. 

V.  rmtrata  Piu-sh,  ivi)orteil  from  Jefferstm  County  ("Clifty  Uavine**».  hy 
C.  R.  Bamet*,  and  from  Xoldo  County,  by  VanGorder  is  a  rather  rare 
northern  form,  extemling  souihwanl  along  the  Alh»gluniies-  Of  tlie  two 
stations,  that  in  Noble  Ctmnty  would  be  the  mon»  pi-obablc.  I  have  seen 
no  s|HH.'imen  verifying  eitlier  citation,  but  lKM*aus«»  of  the  known  ninge  of 
the  f(»rm  am  incline«l  to  refer  it  to  a  form  of  V.  mtr'mta  Ait.  Tlie  most 
constant  diffeivnce  l>etw*H.Mi  ntxtrutu  and  Htriata  is  in  the  spur.  In  the 
former  it  is  slen<ler  and  longer  tlian  the  i>etjiis;  in  the  latter  it  is  tiiickish 
and  shorter  than  tlie  luMals.  It  may.  however,  be  a  form  of  V.  Ltihrtuloricti 
Schrank  (--V.  ninina  var.  MuIihMilnTgii  Gray».  I  feel  ctmtident.  however, 
that  V.  ntf<tnita  Tursh  is  not  a  memlx»r  of  the  State  titkni. 

Viola  rntutnlifttnti  Mii-hx..  n*iH>rtt*<l  from  lH>au*born  County,  by  Dr. 
Collins,  and  from  .TelTerson  County,  by  Professor  Young,  is  another  eastern 
nKMintain  form.  whost»  prescn<i»  in  our  territiwy  is  scarcely  p(»ssible  and 
etM*tainly  is  verj*  impn»bab]e.  The  iivohUmI  ninge  of  tlie  jdant  reads: 
"Cold  w(K>ds;  Maine  to  Minnesota  and  southwanl  along  the  Alleghanies." 
Thi»  form  is  so  charncteristic  tliat  it  is  ditticult  to  understaiitl  with  what 
»IHH.-ies  it  may  have  been  ronfus^Ml.  The  range  prolmbilities.  however,  are 
so  stnmgly  against  its  preseure  in  the  State  that  in  the  abs^nice  of  vt»rify- 
ing  siHM-imens  it  must  Ik*  excludetl  from  the  <*:iialogue. 

The  adnutt*^!  forms  of  the  uenus  are  as  foHows: 

r.  hhiiuin  Willd. 
V.  Vamidenftis  I^. 

1 .  Luhriuhnhii  Schiank  \=\ .  mnina  var,  Muhlenbergii  Gray)  a  form 
not  re<'onle<l  north  of  Monroe  County. 
y,  InHCi'nlnta  L. 
V.  ohliqmi  II ill  i=V.  palmata  var.  cucuUata  Gray). 
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y.  palmata  I^.  i 

r.  pedata  L. 

V.  pi'datifida  Dan.,  n^^)orted  from  Wayne  County,  amd  also  from  (libson' 
and  Posoy.  The  form  is  western  and  is  probjibly  eonfiuwl  tx)  the  western 
tier  of  counties.    Tlie  Wayne  County  reference  is  probably  V.  pedata. 

v.  puhfscehs  Ait 

v.  Hayitiata  Ait.,  ai)parently  contined  to  southern  counties. 

\.  iftriata  Ait. 

1*.  tricolor  L. 

I 

PLANTAGIXACE.K. 

An  examination  of  a  large  numlK>r  of  specimens  from  various  localities 
refeiTe<l  to  Plantaijo  major  L.,  showed  the  majority  of  them  to  be  P.  Ruyvlii 
Dec.  The  only  character  that  reaiiily  separates  the  two  foi'ms  is  the  num- 
ber of  seeds  in  the  i>od.  In  the  case  of  major,  runninj?  from  eight  to  eigh- 
teen, and  in  Ruyelii  from  four  to  nine.  As  the  pods  are  of  pnu^tically  the 
same  size,  the  difference  in  the  size  of  tJie  swmIs  is  easily  recognized.  It 
is  probable  that  in  almost  every  region  of  the  State  P,  Huyclii  De<'.  will 
be  found  in  fair  abunilance  closely  asso<*iate<l  witJi  /*.  major  L.  The  two 
forms  nm  into  ench  other  in  leaf,  spike  and  bract  characters,  but  may 
appaimtly  always  be  se|)arate<l  by  the  number  and  size  of  seeds. 

coMPOsriM:. 

Xernouia  yiyantva  (Walt.)  Brit.,  --(V.  altk^slma  Xutt)  is  of  much  more 
general  distribution  than  indicated  in  my  Contribution  to  Flora  of  Indiana, 

IV,  i)age  5.  In  tJie  nortliwesteni  counties  of  the  State  it  seems  moiv 
abun<lant  than  V.  fasriculafa  Michx.,  to  which  it  is  usually  referred.  In 
almost  eveiy  collection  thus  far  examined,  yiyatitea  is  the  prevailing  form. 
I  am  inclined  to  believe  it  mm^h  more  abundant  in  the  State  than  V. 
fasHntlata  Michx. 

As  suggt»»te<l  in  Ccmtribution  IV  (supra),  there  are  many  reasons  which 
lead  to  tlie  Ivelief  that  yiyantea  is  reaJly  a  hybrid  and  should  be  written 

V.  yovrftorascvnsis  x  faxvivvlata.  Experiments  are  now  under  way  for  the 
d<»terminati<m  of  this  iK)int. 

Through  the  courtesy  of  I>r.  Elgenmann,  I  have  received  a  list  of 
plants  of  the  northern  lake  regions  of  the  State,  which  fairly  represents 
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the  flora  of  such  restiicted  areas  in  the  months  of  August  and  September. 
The  list  is  herewith  publislied  in  tlie  form  in  wliioh  it  was  received,  with 
thanks  to  Mr.  Deam  for  the  use  of  his  notes.  Comments  upon  some  of  the 
species  are  reserved  for  the  forthcoming  report  uix>n  the  flora  of  the  State. 

A  LIST  OF  PLANTS  COLLECTED  AT  CEDAR,  8HRIKER  AND  ROUND  LAKES. 

By  C.  C.  Deam,  Bluff  ton. 

The  following  species  are  represented  in  my  herbarium  by  speci mens  collected 
by  Mr.  Williamson  and  myself.  The  number  here  recorded  by  no  means  repre- 
iients  the  rich  flora  of  the  region. 

Dryapteris  Thelypteris  (L..).     A.Gray.     September  2,  1897.     Shriner  Lake. 

Typha  lati/olia  L.     September  2,  1897.     Round  Lake. 

PotamogetOTiy  four  species.     August  3,  1896.     Shriner  Lake. 

JSagiUaria  rigida  Funh.     August  6,  1896.     Round  Lake. 

Panicum  eapiUare  L.     August  6,  1896.     Round  Lake. 

Panicum  O'va-galli  L.     August  2,  1896.     Round  Lake. 

Zizania  aquatica  L.     August  6,  1896.     Round  Lake. 

JIomal4)C€nrhriLS  oryzoides  (L.),     Poll.     September  2,  1897.     Cedar  J^ake. 

Muhlenbergin  Mfjcieana  (L.).     Trin.     September  2,  1897.     Shriner  Lake. 

Cypenis  Engehnanni  Steud.     September  1,  1897.     Shriner  Lake. 

Cyperus  riiulariH  Kunth.     September  1,  1897.     Round  Lake. 

J>ulirhium  arundinacf'um  (L.).     Britt.     September  1,  1897.     Round  Lake. 

Eleorhari»  inUrtilincf a  (Xsihl,).     R.  and  S.     September  1,  189V.     Round  Lake. 

Eleorharis  mttfata  (L  ).     R.  and  S.     Septemlier  2,  1S97.     Round  Lake. 

ScirptLs  yUnericanus  Pers.     August  3,  1896.     Shriner  Lake. 

Scirpu<  atrovirensi  Muhl.     August  2,  1896.     Shriner  Lake. 

Sdrpwi  la^'iiitrii  L.     August  1,  1S96.     Shriner  Lake. 

Seirpiis  lineatus  Michx.     August  1,  1896.     Shriner  Lake. 

Rynchospora  glomerata  (L.).     Vahl.     August  2,  1896.     Round  Lake. 

Cladium  mariscoideA  CSluhl.).     Torr.     September  2,  1897.     Shriner  Lake. 

Carer  como8a  Jiooii.     September  1,  1897.     Shriner  Lake. 

Carex  lupuliformia  SariweW.     September  1,  1897.     Shriner  Lake. 

Eriocaulon  septangu^are  With.     September  2,  1897.     Round  Lake. 

Ponted^ria.  cordata  L.     August  1,  1896.     Shriner  Lake. 

Junrun  CanadenMs  J.  Gay.     September  2,  1897.     Shriner  Lake. 

Pogonia  trianthophora  (Sw.).     B.  S.  P.     August  2,  1896.     Shriner  Lake. 


Ill 

CoraUorhiza  odorUorhiza  (Willd).     Nutt.     August  8,  1896.     Round  Lake. 

Rumex  verticillatus  L.     September  2,  1897.     Cedar  Lake. 

Polygonum  inearnaium  £11.     August  6,  1896.     Round  Lake. 

Polygonum  punetatum  Ell.     September  2,  1897.     Round  Lake. 

Polygonum  sagiltatum  L.     September  2,  1897.     Cedar  Lake. 

Amaranth  us  blitoides  8,  Wats.     September  2,  1897.     Round  Lake. 

Silene  siellata  (L.)  Ait.     August  6,  1896.     Round  Lake. 

Brasenia  purpurea  (Michx,).     Casp.     August  3,  1896.     Shriner  Lake. 

JSymphiva  advena  Soland.     August  6,  1896.     Round  Lake. 

Castatia  odorata  (Dryand).    Woody,  and  Wood.   August  3, 1896.  Round  Lake. 

A<U(ra  alba  (L).     Mill.     August  3,  1896.     Round  Lake. 

Hamamelis  Virginiana  L.     August  1,  1896.     Cedar  Lake. 

Spir(jea  mlieifolia  L.     August  4,  1896.     Cedar  Lake. 

Cassia  Marylandica  L.     August  1,  1896.     Round  Lake. 

Meibomia  DUlenii  (Dur].)     Kuntze.     September  1,  1897.     Round  Lake. 

Meibamia  Miehavrii  Vail.     September  1,  1897.     Round  Lake. 

Meibonia  nudi flora  ih.),     Kuntze.     July  30,  1896.     Round  Lake. 

Lespedeza  frutesc^fns  (L.).     Britton.     September  1,  1897.     Round  Lake. 

Lesptdtzu  Virginica  (L.).     Britton.     September  1,  1897.     Round  Lake. 

Euphorbia  coroUata  L.     September  3,  1897.     Cedar  Lake. 

Celaxtrvs  scandeiis  h.     August  1,  1896.     Round  Lake. 

Impaliens  aurea  Muhl.     July  29,  1896.     Shriner  Lake. 

Deeodon  vi'rticillatus  {L,) .     £11.     August  6,  1896.     Round  Lake. 

Myriophyllumj  one  species,     August  3,  1896.     Round  Lake. 

Cicuta  bulbifera  L.     September  2,  1897.     Round  Lake. 

OiciUn  maeulata  L.     August  3,  1896.     Round  Lake. 

Scutellaria  galtriculata  L.     August  2,  1896.     Round  Lake. 

Scutellaria  laterij'olia  L.     September  3,  1897.     Round  Lake. 

Monarda  jiiUulosa  L.     August  4,  1896.     Round  Lake. 

Lycopus  ruhellus  Moench.     September  1,  1897.     Shriner  Lake. 

Mentha  piperita  L.     July  31,  1896.     Round  Lake. 

Oerardia  paupercula  (A.  (iray).    Britton.     September  1,  1897.    Shriner  Lake. 

Utricularia  resupinata  B.  D.  (ireene.     September  2,  1897.     Round  Lake. 

Utrieularia  vulgare  L.     June  24,  1898.     Shriner  Lake. 

Cephnlanthus  occidentalis  L.     AugUHt  3,  1896.     Shriner  Lake. 

Lobelia  cardinalis  h.     July  31,  1896.     Round  Lake. 

LactucM  villosa  Jacq.     September  2,  1897.     Cedar  Lake. 

Hieracium  scabrum  Wichx.     September  1,  1897.     Round  Lake. 
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Empn'orinm  pitrpureum  L.     July  31,  1896.     Round  Lake. 

SolidagOf  one  species.     August  6,  1896.     Cedar  Lake. 

Euthamia  graminifolia  {h.).    Nutt.    'August  1,  1896.     Cedar  Lake. 

Aster  macrophyllmt  L.     August  6,  1896.     Round  Lake. 

Inula  Helenium  L.     August  6,  1896.     Round  Lake. 

SUphiuin  trifol latum  L.     July  31,  1896.     Round  Lake. 

Rudbirkia  laclniata  L.     September  2,  1897.     Cedar  Lake. 

Bidens  Beckii  Torr.     August  6,  18P6.     Round  Lake. 

Bide  US  tricho*penna  (WichT,),     Hritt.     August  6,  1896.     Round  Lake. 

ErechtUes  hieracifolla  (L.),     Raf.     September  2,  1897.     Cedar  Lake. 

CarduHs  muticus  (yi'ichz.),     Pers.     September  2,  1897.     Cedar  Lake. 


Some  Unreco(jnized  Forms  of  Native  Trees. 

By  Stanlky  Coulter. 

Ill  the  rase  of  rertjiin  of  our  fjuiiiliar  forests  there  is  a  popular  or  eom- 
mereial  reeofruitiou  (»f  coitain  well-niarkwl  forms  which  have  eitlier  es- 
oai>ed  the  attention  of  botiuii^ts  or  have  lK»*»^n  considered  of  siK'h  slight  im- 
portance as  to  receive  no  menti(rti  in  descriptive  works.  Some  of  these 
forms  are  so  tlistinct  and  so  p*M-sistent  as  to  raise  the  question  a.s  to 
whetlier  they  may  not  1h^  eutitle<l  to  varietal  niuk.  Certainly  in  a  study 
of  our  forest  tlcwa  they  must  he  takt^u  into  account  I  desire  in  this  pai>er 
to  call  ateiitjon  to  some  of  these  l)otanically  uni'ecojrnixed  forms,  hoping 
by  this  means  to  receive  added  informatiom  ujMm  this  i>oint. 

ASIMIXA  TRILOBA  DUXAL. 

The  papaw  has  two  esisily  distinjxuishahle  forms,  which  may  be  char- 
aeterized  as — 

1.  A  larKc-fruit<Hl  f(H-m,  be<-omin;:  a  rich  yellow  uiK>n  rii>ening. 

2.  A  sniall-frnitt^l  form,  remaininjr  white  ui>on  riix^iiing. 

Amon^r  the  evid<'nt  fruit  (lifferene(»s  the  following:  are  to  l>e  noted.  In 
the  larj?e-fniit(»<l  form  the  jnilp  is  much  softer  and  more  yielding  than  in 
the  small-fruitfHl  f(vrm;  it  possesses  a  much  stronger  flavor  and  odor;  the 


seeds  are  k^s  numerous,  altliougli  somewhat  loi'ger.  Tlie  color  of  tlie 
outer  skin  changes  to  bhick  tiudei*  the  action  of  froet,  while  In  the  smaJl- 
fruited  tj-pe  it  remains  green.  Form  1  furnishes  tlie  i-eally  e<iible  fruit. 
The  lai^ger  form  is  also  in  cro*«s  sei»tion,  almost  circular,  while  the  small- 
fruited  form  is  elliptical,  being  compressed  dorso-venti*aJly. 

In  habit  form  1  is  tlie  tiUler  plant,  the  bnuiches  are  moi'e  appresseil, 
and  the  biu*k  is  a  decldeii  brown.  In  form  2,  tlie  branches  are  spreading 
and  the  bark  much  lighter  in  ayUvr,  being  gi'ay  lutliei*  tlian  brown. 

The  inner  l>ark  of  form  1,  after  maceration  in  water,  is  used  in  making 
rough  roi)es  and  withes:  that  of  number  2  can  not  be  so  use<l,  being  much 
more  brittle,  or  nither  of  much  less  tensile  strength. 

As  comi>aivd  witli  form  2,  the  leaves  of  form  1  are  larger,  more  acute, 
a  deeper  green  and  much  more  highly  odorous.  The  leaves  of  the  pa  paw 
ai*e  popularly  suppo«e<l  to  p(>ssess  preservative  properties  and  are  U8e<l  to 
cover  meat,  divssed  poultrj'  and  ttsh,  butter,  etc.  For  this  purpose  only 
the  leaves  of  form  1  ai-e  useil.  Large  areas  of  the  other  forms  will  be 
passed  over  in  the  search  for  the  highly  cnlorous  leaves  of  tJie  large-fruite<l 
fonn.  In  histological  features,  the  leaves  of  the  two  forms  differ  chiefly 
in  the  palisade  layer  and  the  relative  thickn<^s  of  the  outer  walls  of  the 
epidermis.  This  later,  in  form  2,  being  from  two  to  four  times  thicker 
thjin  in  its  larger  k*aved  ivlative. 

The  date  of  flowering  differs  slightly,  fomi  2  opening  its  smaller, 
l(^s  deeply  coloretl  flowers  from  a  week  to  ten  days  later  than  fonn  1. 

In  our  area  form  2  has  much  the  wider  soil  range.  While  always 
a.<s<M'iate<l  with  form  1,  it  also  thrives  in  a  much  thinner,  lighter  soil  and 
in  drier  situations.  When  growing  together,  the  two  forms  are  easily 
separable,  never  by  any  chanc^e  iMK'oming  confluent. 

While  not  of  the  opinion  that  these  differences  are  sufficient  to  create 
a  new  sptn^ies,  1  am  inclined  to  think  that  in  our  area  form  2  should  have 
re<»ognltlon  as  a  distinct  ftH'm,  and  suggest  that  it  be  known  as  alba. 

.TT'Cn.AXS  MORA  L.— Black  Walnut. 

Of  this  familiar  tree  there  (»xist,s  in  Indiana  two  if  not  three  easily 
sepai-able  forms: 

1.  Fniit  spherical,  nut  following  shape  of  hull;  hull  thick,  blight 
grfH.*n  in  immature  state,   turning  black   uimn   riiK^ning;  pulp  becoming 
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black  and  verj'  soft  under  the  action  of  froet;  kernel  verj'  oily,  of  some- 
what lunk  flavor. 

2.  Fruit  ovoid,  much  smaller  than  in  number  1.  Nut  following  shai>e 
of  hull;  hull  relatively  thin,  bright  green  in  immature  state,  turning  yellow 
upon  ripening  or  under  the  influence  of  frost;  pulp  di-ying  up  and  harden- 
ing at  maturation;  kernel  dry  (not  markedly  oily),  and  of  an  agreeable 
flavor.  This  is  the  form  which  the  wood- wise  boy  gathers  for  his  winter 
supply. 

The  leaf  of  form  2  is  much  smaller  tlian  that  of  form  1,  the  leaflets 
being  smaller,  moi-e  sliaiply  acute  and  finely  seiTate;  they  are  also  much 
less  vividly  green  than  those  of  form  1,  a  difference  in  color  that  seenus 
due  to  the  thicker  epidei-mis. 

Foi-m  number  2  grows  in  drier  situations  tliau  form  1,  though  occa- 
sionally extending  into  the  legions  of  the  latter.  In  these  cases  there 
seems  to  be  no  blending  of  forms.  The  two  forms  are  sharply  distinct 
wherever  associated. 

Lumbermen  assert  that  the  woo<l  of  form  2  is  much  lighter  in  color 
and  of  much  less  commercial  value  tlian  that  of  form  1.  Whether  or  not 
there  is  diffeivnce  in  the  period  of  flowering  and  maturation  of  fruit 
I  am  unable  to  state.  Form  1  is  that  of  ordinary  descriptive  Iwtanists. 
form  2  not  being  noted  or  indicated.  In  our  area  it  is  of  general  occur- 
rence and  is  known  by  the  boys  as  the  "little  black  walnut." 

Form  3.  so  far  as  I  know,  is  found  only  in  a  few  localities  neai*  La- 
fayette. The  fruit  closely  resembles  the  Englisli  walnut  in  some  particu- 
lars, while  in  othei"s  it  resembles  tlie  butternut.  The  hull  is  thin  and 
without  appreciable  i)ulp  at  any  season.  The  .shell  is  ven*  tliin,  the  nut 
cracking  as  easily  as  tlie  English  walnut.  The  kernel  is  not  at  all  oily 
and  is  very  sweet.  Some  few  tives  are  fouml  uix>n  the  west  bank  of  the 
Wabash  Kiver  near  Lafayette,  and  a  few  others  near  the  Purdue  campus. 
This  foiTu  1  describes!  before  the  Academy  of  Science  in  1890  undier  the 
title  of  *'An  Aharaut  Form  of  Juglans  nigra.''  In  that  pai>er  I  suggeste<l 
the  fruit  i)eculiarity  was  due  to  an  early  defoliation  of  tiie  trees  which 
occurred  that  year.  Observations  continued  fix>m  that  time  until  the 
present  convince  me  that  the  opinion  there  expressed  is  not  borne  out  by 
facts.  •  The  form  lias  maintained  itself  in  the  stations  indicated  through 
these  years  from  180<>  to  ItKH),  its  fruit  always  presenting  the  features 
given  above.  Dr.  Sclineck  suggests  that  it  is  a  liybrid  of  J.  cinerea  x  J.  regia 
in  which  he  follows  J.  Robinson  in  **Our  Trees"  (published  by  the  Essex 
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iDfititute),  in  which  a  similar  form  Is  recorded.  I  am  inclined  to  doubt 
the  fact  of  the  hybrid  nature  of  the  form  for  reasons  that  need  not  be 
considered  in  this  connection.  Whatever  the  origin  of  the  form, .  it  is 
definitely  established  in  the  two  stations  indicated.  1  hope  during  tlie 
coming  season,  in  tlie  case  of  both  the  papaw  and  walnuts,  to  discover 
whether  or  not  these  variations  show  a  tendency  to  a  "place  mode." 

LIRIODENDRON  TUL1PIFP:RA  L.-Tulip  Tree.    Yellow  Poplar. 

White  Poplar. 

Lumlienuen  distinguish  between  **yellow  iK>plar"  and  "white  poplar," 
a  difference  based  upon  the  color  of  the  wood.  So  far  as  I  am  able  to 
judge,  this  difference  is  dependent  upon  the  age  of  the  tree  and  the  soil 
conditions,  l>eing  associated  with  no  structural  diffei^nces.  In  my  opinion, 
it  will  l>e  found  that  trees  of  tliis  species,  growing  in  tenacious  clay  soils, 
have  the  denser  .structure  and  darker  color  cliaracterizing  tlie  yellow 
poplar,  while  in  light,  dry  soils  and  loam,  the  white  ixjplar  is  found. 
In  both  conditions  the  wootl  of  tlie  older  trees  is  of  a  darker  color,  in  some 
cases  appixwclilng  brown.  I  hoi)e  that  a  series  of  observations  now  in 
progress  will  make  it  possible  to  determine  the  relation  between  the  soil 
character  and  these  alleged  commercial  varieties.  If  there  is  any  metho<l 
by  which  tlio  two  forms  are  to  be  distinguished  l)y  flower,  fruit,  leaf  or 
bark  charactei"s,  it  has  escaped  my  attention. 

DIOSPYUOS  VIRGIXIANA  L.-Pei-simni(m. 

This  ti-ee  shows  at  least  two,  i)erhap8  three,  sharply  distinct  forms 
existing  in  the  same  area  without  becoming  confluent.  A  discussion  of 
these  differences  is  unnecessary  since  in  '*The  American  Persimmon,** 
Bulletin  No.  00,  Vol.  VII,  of  the  Agricultural  Experiment  Station  of  Pur- 
due University,  Messi"s.  lYoop  and  Iladley  discuss  these  variations  fully. 
I  quote  a  few  sentences  from  this  bulletin: 

**They  differ  in  quality  as  much  as  our  cultivate<l  apples.  Some  are 
very  astringent,  othei-s  are  insipid  and  wm-thless,  still  others  are  sweet 
and  delicious. 

*'The  fniit  differs  in  size  from  that  of  a  small  wild  plum  to  an  inch 
and  one-luUf  or  two  inches  in  diameter.    They  also  vary  greatly  in  form; 
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some  are  globular,  otliers  either  conical  or  oblou};,  those  of  the  globular 
form  predominating.'* 

The  wide  soil  range  of  the  persimmon  indicates  that  the«e  differences 
niaj'  be  dependent  uiK>n  soil  character,  at  least  in  large  measure.  A  warm 
soil  well  expose<l  to  the  sun  is  be»t  adapted  to  the  i>ersimmon,  but  it  is 
found  on  almost  any  kiiwl  of  soil  from  rich  bottom  land  to  the  thin  soil 
of  hill  tope.  In  I-.a>\Tence  and  Orange  counties,  according  to  Messrs. 
Troop  and  Iladley,  it  is  found  in  great  luxuriance  in  I'ed  clay  soil  areas, 
in  lands  exhaust<Hl  by  iMn'sistent  cropping  and  which  had  been  abandoned 
as  worthless. 

In  this  wide  range  of  soil  conditions  it  wouhl  seem  possible  to  de- 
tennine  with  some  accuracy  the  effi^'t  of  soil  charax*ter  upon  this  species. 

I  have  calhnl  attention  to  these  variations  chiefly  as  an  intimation  that 
our  forest  flora  is  much  less  perfectly  known  than  it;*  importance  merits, 
and  in  the  hoi)e  that  it  will  dire<*t  attention  to  the  range  of  variation  in 
these  and  other  species. 


Seei)Lin<js  of  Certain  Native  IIkkbaceots  Plants. 

By  Stanley  Coilter  and  Herman  B.  Dorner. 


The  Resin  Ducts  and  STREN(JTiiENiNa  Cells  of 

Ahies  and  Picea. 

By  Herman  B.  Dobner. 

Of  recent  years  gn'at  strides  have  l>een  made  in  systematic  botany, 
esp«x*ially  in  the  line  of  adding  new  determinative  features  to  classifica- 
tion. At  the  present  time  not  only  external  features,  but  also  internal 
structures  are  us«»d  for  th(»  determination  of  genera*  and  species.  This 
system  of  classification,  accoixiing  to  internal  structure,  has  best  been  car- 
ried out  in  the  genus  Pinus. 

The  first  work  done  upon  the  pines  with  the  internal  structure  in  view. 
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was  (lone  by  F.  Thoiuas  in  1S(>5.  Further  stud.v  was  made  upon  the  sub- 
ject by  C.  E.  Bertram!  iu  1871-74  and  W.  B.  McNab  in  1875-77.  However, 
the  first  man  to  study  the  subject  closely  was  the  late  Dr.  George  Enpel- 
manu,  whose  name  is  nun'e  intimately  associated  with  tlie  conifers  than 
that  of  any  other  man.  His  first  work  along  this  line  was  his  **Synop8is 
of  American  Firs."  which  was  publishe<l  in  1878  in  the  Trans.  St.  Louis 
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ARIRS    ItALSAMEA. 


D    Ducts. 

B    Bundle  sheath. 

F    Fibro-vns.  bundle. 


M  Mesophyll. 
E  Epidermis. 
S    Strength,  cells. 


Acad.  Ill,  pp.  r»JKl-(»(rj.  In  lS8o  there  appeared  in  the  s;nne  journal.  IV.  i)p. 
161-189,  his  "Kevision  of  the  (Jenus  Pinus."  However,  in  the  second  paper 
he  merely  used  tlie  internal  structure  to  distinguish  between  the  different 
-subdivisions  of  the  genus. 

It  is  at  this  iK>int  tJiat  J.  M.  Coulter  and  J.  N.  Rose  took  up  the  work. 
Their  Idea  was  to  apply  the  chai\*icters  obtainetl  not  only  to  tlie  subdl- 
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Tleli>i]s  but  to  the  species  as  well.    The  results  of  this  work  appeared  In 
1SS6  In  tbe  "BotflnlcRl  Gazette,"  XI,  pp.  2S6-2S2  sod  302-309. 

The  object  o(  their  study  was  to  determine  whether  the  pincB  could 
be  separated  from  one  another  I>y  meeua  of  the  structure  of  the  foliage 


D   Ducii. 

U    Bundle  >bi 
F    ril,ro-VM. 


leaf.  Tlie  material  used  by  them  was  gatheretl  from  aa  large  a  range  a» 
possible  and  tlius  hare  the  material  grown  under  as  man;  coikUtlODB  as 
possible.  Tlieir  determinative  features  were  baaed  upon  the  number  of 
flt>ro-vat<culAr  bundles,  tbe  position  and  kind  of  strengtbeodng  cells,  tbe 
position  of  tbe  tatomata,  tbe  number  and  position  of  tbe  ducts,  thlckncBB- 
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of  tbe  walls  of  th«  bundle  sh«ath,  and  the  Dumbeir  of  leaves  Id  a  faolcle. 
With  these  characters,  which  appeared  to  be  permanent  ones,  a  Byetem  of 
clasBl&cation  was  formulated  wUeb  was  very  useful  la  connection  with 
the  clasBlflcBtlon  based  upMi  external  features. 

Since  tlilB  time  comparatively  little,  if  any.  work  bae  been  done  upon 


V    Docli. 

H    Moophrll. 

B    BunJIs 

•be>th. 

E    Epidermii. 

F    Fibro-T 

Bi.biin.lls. 

a     eirenflh.  tell.. 

tbe  ConiferHO  in  tbl»  line,  li  was  with  this  same  end  In  view  that  the 
Htudy  of  the  gencm'  Abies  and  Picen  was  taken  up.  The  object  here,  ns 
in  tbe  case  of  the  Finns,  was  to  work  out  the  characteristic  features  of 
the  speclep  of  tbe  two  generic  and  find  their  determinative  value. 

The  material  used  was  obtained  of  C.  S.  Sargent  of  tbe  Arnold  Ar- 
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boretuiii,  and  comprised  only  truly  American  species.  The  collection  con- 
sisted of  six  species  of  Abies  and  five  of  Picea,  all  of  the  United  States. 
In  preparing  the  leaves  for  study,  transverse  sections  were  made 
through  the  center  of  tlie  leaf  so  as  to  avoid  the  danger  of  getting  sections 
without  the  cliaracterlstic  numl>er  of  ducts  or  libro-vascular  bundles.    Al- 
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D    Ducts. 

B    Bundle  sheath. 

F    Fibro-vas.  bundle. 


M  Mesophyll. 
K  Epidermis. 
S     Strength,  cells. 


together.  betw(M.Mi  live  and  six  hundred  spe<Mineu«  were  studied.  In  this 
determination  only  fixtures  represented  in  thei^e  iransvei-se  sections  were 
used. 

In  the  genus  Alnos  the  leaf  structuix?  is  ei^sentiollj'  the  same  as  that 
of  the  genus  Piuus.    The  leaf,  as  a  whole,  is  divided  into  three  parts,  the 
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tvrtiail,  or  outer  part,  the  inatophifU,  or  ohloropliyll-benring  part,  aud  the 
fIbrO'Vasctdar  region  siirroiiii<led  by  its  bundle  sheath. 

The  cortical  region   is  conipotjed   of  an   epidermis   and   a   series   of 
strengthening  cells  lying  directly  beneath.    The  epidermis  is  composed  of 
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D    Duct«. 

F    Fibro-vns.  bundle. 

B    Bundle  sheath. 


M  Mesophyll. 
E  Epidermis. 
S    Strength,  cells. 


:i  single  layer  of  thic*k-walle<l  cells  with  a  cuticle  twice  as  thick  as  the 
lumen  of  the  cell.  This  epidermis  is  broken  by  the  openings  of  the 
stomata.    These  stomata  are  arranged  in  rows  down  the  sides  of  the  leaf 


122 


In  the  hollows  between  the  angles.  The  strenTthenJiig  cells  are  all  thick 
walled  and  without  content.  For  coDvealeDce  these  cells  will  be  referred 
to  aa  thin  and  thick  walled  but  the  terms  are  mere  relative  ones.  The 
term  strengthening  cell,  as  here  used,  wteni  to  these  tblck-walled  cells 
■wherevM-  found. 


.    Slnnsth.cslliwIlhlDiliakth. 
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The  mesophvll  region  la  composed  of  cUoi-opbyll-beaj-lDg.  pareucliyma 
«cI1b.  Tb«Be  cells  cliffer  from  the  correspondJng  <mee  of  the  pine.  In  that 
they  do  not  show  that  characteristic  Infolding  of  the  c«ll  wall.  The  cell 
walls  are  smocrth,  mote  like  the  parenchjnia  of  an  ordtnary  leaf.  It  la 
-within  this  region  that  the  reein  ducts  occur.  These  ducts  may  be  either 
peripheral  when  they  lie  directly  uader  the  epidermis,  or  medial  when 
they  Ue  entirely  suirounded  by  the  parenchyma.  These  He  parallel  to  the 
longer  asis  of  the  leaf  and  ore  snrronoded  by  a  series  of  strength  en  ing 
«^la.    Lining  the  ln«lde  of  the  duct  la  a  single  layer  of  secretory  cells. 


D  DacU. 
B  BuDdId 
F    Fibi 


A   Str«Dttb.<Mll«  witl 


M   Heiophill. 

6    SIrcDith.  Ml 
E    Bpid>rmi>. 


The  fibro-raii^ular  rcfrion  lies  in  tbe  center  of  the  lenf  and  is  Burround^ 
bj*  a  somewhat  Imperfect  hiindlc  sli«atli.    The  shenth  Is  compoecd  of  litn:c 


and  small  cells  Intei-nilne'led.  In  tbe  c 
wbich  are  two  In  mimber,  with  the  e: 
the  iwo  seem  to  linve  iiiei-g«l  into  01 
nppenr  wlthlu  tlio  liiiniUe  Kheath  hiuI  » 
specfcs  in  which  tliey  occur. 


Iter  lie  the  flbro- vascular  bundles. 
'ciitJoii  of  Allies  mn^nlllca.  wheiv 

■.     StrcnKthenlng  cells  sometlm*^ 
t  feature  In  tbe 
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E    Epidormii. 
M    MoEorhrll. 
B    Bundle  thaat 
Rilbin  iheatb. 


125 

From  the  characteristics  above  mentioned  the  following  synoptical 
arrangement  of  tlie  genus  has  been  arranged. 
♦Ducts  medial, 
t Strengthening  colls  absent  or  few  in  number. 

1.  Abies  balsamea  (L.)  Mill.  Sti-engtlienlng  cells  few  in  number  or  en- 
tirely absent,  tliln  walled. 

ttStrengtliening  cells  always  present  in  considerable  numbers. 

2.  Abies  Fraseri  (rursh.)  Lindl.  Strengthening  cells  in  a  continuous 
layer  within  the  epidermis,  sometimes  doubling  at  the  angles,  especially 
the  dorsal  angles.    Cells  thin  walled.. 

3.  Abies  subulpina,  Engelmaun.  Strengthening  cells  mostly  in  the  an- 
gles: Ln  a  single  layer  in  the  lateral  angles  and  a  double  or  triple  row  in 
doi-saJ  angle,'  also  occurring  in  groups  between  the  angles. 

♦♦Ducts  peripheral. 

t Strengthening  cells  few  In  number,  occm'ring  singly  or  in  groups. 

4.  Abies  grandis,  Llndley.  Strengthening  cells  occurring  singly  or  in 
groups  of  from  two  to  five,  thicli  walled,  sometimes  occur  wlthiii  bundle 
sheath. 

ttStrengtliening  cells  abundant  in  angles  of  the  leaf  in  single  or  double 
rows. 

5.  Abirs  matjnifii'a,  Murray.  Strengthening  cells  thick  walled.  The  two 
vascular  bundles  merged  into  one. 

6.  Abies  concolor,  IJudley  and  Goixlon.  Strengthening  cells  very  thicli 
w^alled,  some  present  within  the  bundle  sheatli. 

The  stiiicture  of  the  leaf  of  the  Picea  is  about  the  same  as  that  of  tlie 
Abies.  The  leaf,  liowever,  is  of  a  dlflferent  shape.  In  the  cross  section  the 
Abies  show  a  lateral  axis  very  much  longer  than  the  dorsi-ventral  axis. 
In  the  IMcea  tJie  two  axes  are  about  equal.  There  are  also  otlier  charac- 
teristic diflferences.  The  leaf,  as  in  the  Abies,  is  divided  Into  corticaU 
mesophyU  and  fibro-vasrular  regions. 

The  cortical  region.  The  epidermis  is  composed  of  thick-walled  cells 
as  in  the  Abies.  The  strengthening  cells  are  arranged  about  the  entire 
leaf,  and  like  tJie  epidermis,  this  layer  is  interrupted  only  by  the  stomata. 
Tlie  stomata  here  are  also  aiTanged  in  rows  along  the  side  of  the  leaf. 
Between  the  oi>enlngs  of  the  stomata  the  strengthening  cells  are  much 
thinner  walle<l  than  in  the  remainder  of  the  leaf. 

The  mesophyll  n^glcMi  is  comix>se<l  of  wavy-margined,  chlorophyll-bear- 
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ing,  pareDchytna  cells.  Thle  regton  also  c^ntaJn«  th«  ducts,  wtalch  vary 
from  n<m«  to  two  In  niimber.  It  appears  a«  If  the  number  of  ducts  sbonld 
be  two.  If  the  leaf  be  bl-lateraJl;  symmetrioaJ.  Howev^,  In  PIcea  Cana- 
dettDls  never  more  ttian  one  duct  was  found  In  a  single  le«f.    Dlssatlafled 
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B  Epidarmii. 
M  Usiophyil. 
B    Bandleitacnlb. 


wttli  tlilH  variation  of  the  iwmber  of  ducts,  sections  were  made  tbrongb 
the  entire  leaf.  From  theee  sections  It  was  found  ttiat  the  duct  did  not 
e»tend  the  entire  lengtii  of  tJie  leaf,  but  wns  awnewhat  spindle-shaped. 
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vltb  tb«  wtdest  part  In  the  center  of  the  leaf  and  tben  gradually  taperlt^ 
to  eltli«f  eod.  Tble  ticoounts,  tben,  for  the  varlattoD  of  tb«  aumber  of 
duels.  The  ducts  are  ull  i>t-rlp)iernl  and  are  surrounded  by  a  single  layer 
of  Btrengthenlng  cells  and  lined  by  a  layer  of  secretory  cells. 

The  fibro-iiiacvUir  region  llee  In  the  center  of  the  leaf  and  is  surroundenl. 


D    DuFli.  E    Epidsrmii. 

8    SlreDKthcalli.  M    Hstophrll. 

F    FibrD-Tu.  buDdts.  B    Baodle  ehcith  . 

A   Stranath  rail  aitfain  tb»tti 
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by  a  very  regular  bundle  sheath.  In  all  five  species  only  one  fibro-vatcidar 
bundle  Is  preseot.  Streagtbenlug  cells  may  er  may  not  be  present  In  this 
region,  but  when  present  are  good  determinative  features. 

From  ilie  data  s«cured  from  the  study  of  the  PEcea,  the  following  ar* 
rangement  has  been  made: 

•Ducts  always  two. 

tLatenil  nxis  muL-h  lonf^fr  tliau  dorsi-ventral  axis. 

1.  Ficea  MariatM  (Mill.)  B.  S.  P.  Strengthening  cells  In  a  single  run. 
very  thick  walled,  some  occur  wltUn  bundle  sbeath. 
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I>   Ducts.  M    UeiopbTll. 
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A    SlraTKth.cellinitbinaliBatli. 
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tLateral  axis  and  dorsi-ventral  axis  about  equal. 

2.  Picea  rubra  (I.auibJ  Link.  Strengthening  cells  very  thick  walled, 
occurring  in  a  single  vovr,  sometimes  doubled  or  tripled  at  the  angles. 
Some  strengthening  cells  occur  within  the  sheatli. 

♦♦Ducts  none  to  two. 

3.  Picea  pungens  Engelmann.  Strengthening  cells  thick  walled,  some 
thick-walled  cells  occurring  singly  or  in  groups  between  the  stomata,  with 
tendency  to  double  i*ow  at  the  angles. 

4.  Picea  Engelmanni  Engelmann.  Strengthening  cells  in  a  single  row, 
sometimes  doubled  at  the  angles;  thick  walled.  A  single  cell  sometimes 
occurs  within  the  bundle  sheath. 

♦♦♦Ducts  none  to  one. 

r>.  Picea  Canndensin  tWill.i  B.  S.  P.  (=Picea  all)a  Link.i.  Strengthening 
colls  in  a  single  row  .sometimes  doubled  at  the  angles:  very  thick  walled; 
some  occur  within  buudle  sheath. 

Altliough  the  above  synoptical  aiTangemenis  appear  to  be  conclusive 
within  themselves  they  nre  valuable  only  in  conjunction  with  the  external 
features. 


A  1  Proteolytic  Enzyme  of  Ykast. 

By  Katiierin'e  E.  Golden. 

INTRODUCTION. 

The  enzymes  are  auxiliary  substances  whicli  are  formed  where  solid 
iMidies  are  to  be  liciuelUn.!.  They  are  peculiar  in  that  they  decompose  com- 
plex sul>stances  without  l)cing  affected  tliemselves  in  any  way  by  the  ac- 
tion, and  also  that  even  in  minute  quantities  they  can  prodmn?  \ery 
marked  results.  They  are  iniiKU-tant  in  animal  and  plant  metabolism  and 
occur  both  in  the  cells  and  in  solution  in  secretions  of  the  cells.  In  the 
case  of  unicellular  organisms,  the  metabolic  processes  are  can*ied  on 
throughout  their  entire  sul>stance.  the  fooil  substance  being  absorbed  into 
ihc  cell,  Avhere  the  enzyme  is  formed  and  does  its  work.  This,  however. 
is  not  always  the  case,  the  enzyme  sometimes  being  excreted,  the  work  of 
abson)tion  following  its  action.  This  latter  process  is  peculiar  to  multi- 
cellular organisms,  having  certain  i>arts  differentiated  for  special  work, 

9— Science. 
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the  euzymos  l)oinjf  fm-iiKMl  in  one  sot  of  cells,  and  excreted  Into  the  parts 
where  the  abaon^tion  of  food  takes  place. 

The  composition  of  the  euzyniens  is  not  known,  some  Inclining  to  the 
view  that  they  aiv  of  a  protei<l  nature,  while  othei-s  think  that  tliey  are 
niu-lco-proteid,  but  a**  yet  it  is  not  definitely  settled,  as  the  enzymes  have 
niot  lM»en  o!)taincHl  in  a  pure  cHmdition.  their  nnictions  Ix^ng  connected  with 
tlioM»  of  the  substan<*t»s  with  Avhich  they  are  asscxMatod.  On  account  of 
this  lack  of  knowliMlure  as  to  their  comiM>*«ition  the  enzymow  have  Ihh'u 
cla>*»itie<l  ac<*(HHlinjr  to  the  stil)stan<H^  which  they  decomi>o«e. 

The  prot(M)lytic  enzymes  are  those  which  <lecomiM)se  proteids  into  less 
comph^x  substane<^.  Th(*re  are  two  classes  of  these,  the  peptic  and  tryptic 
enzymes.  The  jjeptic  enzymes  decompose*  protehls  to  peptones,  while  the 
tryi>tic  enzymes  ^o  farther.  eflfectJnj;  the  <lecomposition  of  the  peptones  to 
amides.  In  plants  tlie  amides  are  f(irme<l  as  antece<lent,s  to  proteidi5,  help- 
ing in  the  re<-onstruction  of  proteids  as  well  as  aiding  in  tlieir  osmosis  by 
decomiKKsltion.  When  tlie  carlK)hydrate,  which  Avas  uuittnl  with  the  amide, 
forming  the  jiroteid.  is  used  up,  the  amide  unites  with  a  fresh  carlxihy- 
drjite.  again  forming  a  prot(M<i.  Tlie  enzyme  in  the  plant,  which  causes 
this  dtH'ompo«*ition.  is  often  in  su<-li  minute  quantity  that  it  is  almost  im- 
possi!>le  to  determine  its  i>resein-e.* 

Only  a  vei-j-  few  of  tlie  vegetal)l(»  prot(M)lytic  imzymes  have  Ihvu  inves- 
tigated, ami  nearly  all  of  tiiese  are  from  the  liigher  plants.  Those  whirh 
have  l>ecn  investigattMl  minutely  have  beiMi  found  to  Ik*  of  a  tryptic  natun*. 
A  few  of  the  fungi  have  also  Imhmi  found  to  sei-rete  a  pn^teolytic  enzym*' 
among  these  yeast.'  It  is  rlaimed  that  if  yejist  be  deprived  of  both  oxygen 
and  fo<Ml  material  tliat  it  breaks  up  its  own  rt»serve  i^roteid.  and  also,  tliat 
if  yeast  b(»  pn-ss^il.  and  tlie  extraet  co-Uected  ami  heatcnl  to  45°  C,  a  bidky 
(»o5igulum  is  fornuMl.  which  <lisappeai"s  in  a  few  days,  the  extract  in  tJie 
meantime  IxMng  kept  uu(h>r  anti.s<M>tic  con<litions.  The  digestion  of  rlie 
reserve  proti'id  an<l  tlie  disai>p<'arance  of  the  coagulum  indicate  the  pivs- 
ence  of  a  proteolytic  (Mizyiue. 

Troteolysis  l»y  yeasts  has  lH»en  uoKhI  but  iudin'ctiy.  exceiK  in  the 
cas»'  <»f  the  pressing  from  tlie  yeast  (d*  an  extract  by  Biichneiv  .Torgensen.* 
in    des<Til>iug    S.    .irn-geiisenii    an<l    S.    membraujefaciens    states    that    the 

■  Kerner  and  Oliver.    Natural  History  of  Plants.    Vol.  I,  part  2. 
'  (ireen,  J.  R.    The  Soluble  Fermeuta  and  Fermentation,  ltt<i»,  pp.  215-217. 

^  B'dehner,  E.    Bcr.  d.  deut.  chero.  Gesell.,  1897. 

"*  Jorgensen,  A.    Micro  organisms  and  Fermentation,  ISO."). 
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yi'sists  <'siuse  i\  .slow  li<iu«*f action  of  wort  gt'laitine:  ami  Franklaiul,*  in  h\» 
description  of  S.  liquefaoions,  stiitt«  tliat  it  li<iueti<***  gelatine*  fairly  rapidly. 
This  action  of  tlie  thrt*e  yeasts  in<licates  the  exci-etion  of  prot<H>lyt.ic 
enzynitis. 

Thoujrh  the  statement  ivlative  to  tlie  extniction  of  a  proteixlytic 
euzynu^  from  yeast  is  ma<le  of  i)ressed  yeast,  no  i)aitlcnlar  spe<.*ie«  being 
named,  and  there  are  various  pressecl  yeasts,  yet  only  in  the  three  ca.ses 
cited  has  tlie  dir»»ct  liquefa<'ti<m  of  gelatine  iHM'n  n(>t4Ml. 

EXrEKIMKXTS. 

Among  some  wort  gelathie  yeast  cultures  I  found  one  which  had  li<iue- 
tied  the  gelathie.  On  examining  the  culture  it  proved  to  Ik*  contaminated 
by  another  yeiist  from  the  air.  The  y(»iists  were  sei>iinit<'tl,  aiKl  when 
grown  apart,  the  "wild'*  yejist  was  found  to  be  the  one  which  cau»tH.l  tlie 
liquefaction.  Cultures  were  made  into  both  the  ordinary  iHH'f  bivth  gela- 
tine and  w(H*t  gelatine'  to  d<'termine  the  Cinistaiu-y  of  this  <*haract eristic 
of  the  yeast.  Tube  and  ])iate  cultures  of  both  kin<ls  of  gelatine  show<Kl 
liqiu'faction,  the  wort  gehitine.  however,  being  liquelicil  sooner  than  the 
lMM»f  gelatine.  Fmm  thirty  to  forty  days  wcn»  nnpiired  to  litpiefy  a  tidn* 
<*ontaining  <»  (•<•.  wort  gelatine.  The  li(|u<*fa<'tion  was  not  unifonn.  even 
when  <-oii(liti(ins  of  me<Ha  and  temperature  were  alilxc.  Wort  gelatine 
plate  <Miltures  became  licpielied  in  about  two  wei'ks.  These  results  show 
uinloubte«l!y  tlie  exeriMioii  of  a  ia*oteolyti<'  enzynu'  by  the  yeast. 

Investigatiniis  conducteil  l>y  •Fermi'  have  shown  that  aiitis<»ptics  in 
small  amounts  an*  not  injuri(nis  to  enzynn's.  This  projH'rty  is  taken  lul- 
vantage  of  in  tlie  testing  for  iMizyiiu's.  ami  also  in  determining,  relatively, 
their  stn'iigth.  Water  is  saturate<l  witli  thymol  to  which  ."  jht  cent,  of 
gehitine  is  adiled,  tlieii  placed  on  a  water  bath  until  the  gelatine  is  <li8- 
solveil.  after  wliich  in  rv.  are  i)ia<*<Hl  in  tubes.  These*  are  rea<ly  for  use  as 
s<M)n  as  tlie  irelatiiie  sets.* 

I'o  lest  J  lie  sfremrili  of  tile  enzyme  inoduceil  by  th»»  yeast,  I  obtained 
cxtra«-is  Ijv  liltering  ilie  liquelied  g(»latine  from  tube  cultun***.  In  Uie  ftrKt 
ex]M'riment  :'.  <•<•.  of  tlir  extraet  were  used  in  each  tube  of  thymol  gelatine 

•  Ssucardo,  P.  A.    Syllofre  Fungorum,  Vol.  VIII,  pp.  916-i»22. 

""  Wort  to  which  i^  added  I'.r  gelatine.    The  wort  had  .2Vr  acid,  eitimated  &b  lactic. 

"  Lafnr,  F.    Techuical  Mycology,  Vol.  1, 1S9S,  p.  30(). 

^  Same  as  ref.  (>. 
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and  a  small  amount  of  thymol  added  to  the  extract  to  prevent  any  fuitner 
development  of  the  yeast.  The  liquefaction  of  the  thymol  gelatine  did  not 
run  (lulte  uiiiforinly:  In  twentj'-live  days  one  tube  had  8  cc.  gelatine 
liquefieil.  another  had  7Va  cc,  while  a  tliird  had  7V4  (-*c.  A  second  set  hav- 
ing extract  from  cultures  six  weeks  old,  in  ten  days,  one  liquefieil  2  cc. 
gelatine,  a  second  one  2.2  cc,  and  a  tliini  one  2.5  cc. 

Wort  in  which  yeast  had  !>een  grown  for  ten  days  was  filtered  and  3 
cc  of  the  filtrate  used  in  thymol  gelatine  tubes,  but  this  was  very  weak  in 
enzyme.  In  ten  days  a  cup-shai>ed  depression  was  formed  in  the  top  of 
the  gelatine,  but  no  further  action  could  be  discernetl.  Both  the  wort 
gelatine  and  woil  extracts  were  turbid  when  placed  in  the  tliymol  gela- 
tine. It  i-equired  eight  days  for  the  wort  exti^act  to  become  clear  and  ten 
<Iays  for  the  wort  gelatine  extract. 

As  has  been  said  already,  tlie  proteolytic  enzymes  are  of  two  kinds, 
the  peptic  and  tlie  tryptic.  the  pepsin  of  tlie  gastric  juice  and  the  trypsin 
of  the  pancix»atic  juice  being  taken  as  types.  Besides  differing  in  their 
decomiX)sition  products,  they  differ  in  other  resi>ects.  Pepsin  can  act  only 
in  the  presence  of  dilute  acid  and  is  injured  !)y  the  presence  of  even  a 
small  quantity  of  the  alkaline  salt,  NaaCOj,  which  is  most  favorable  to  the 
action  of  ti'>'i>sin.  Trypsin  can  also  act  in  neutral  or  Silightly  acid  solution.'*. 
A  neutral  salt  in  solution  is  deleterious  to  botli  enzymes,  but  e9<i>ecially 
so  to  ixjpsin.  though  acconiing  to  Edkins'  tr>'i)sin  is  aidetl  by  the  presence 
of  from  1  to  2  i)er  cent.  XaCl.  though  greatly  retanie<i  by  8  per  cent.  The 
vegetable  tr>psins  wliich  have  been  investigates!  are  most  active  in  faintly 
acid  solutions. 

In  determining  tlie  kind  of  ferment,  whether  of  a  peptic  or  tryptic 
nature,  the  thymol  gelatine  Avas  used  for  control,  and  tbe  thymol  gelatine 
witli  1  iKM*  cent.  NaCl.  and  1  per  cent.  Xa,CO.,  adde<l.  Tubes  of  egg  albu- 
men were  also  usetl. 

The  following  table  sliows  the  result  of  the  experiment: 


(ireen,  J.  li.    Fermentation,  IS^/J,  p.  193. 
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As  indicated  in  tlu*  tal»lo.  the  presence  of  Na^jCO,  seems  to  aid  in  tlie 
enzymie  action,  as  tiie  li<inefaction  was  greater  in  eacli  case  wlien  tliis 
was  ppe4<eut  than  in  the  tul>es  without  any  salt.  Tlie  exti'a<'t  in  all  the 
tn!)es,  with  the  exception  of  tliat  containing?  Na/'O.,  jrave  a  slijjhtly  acid 
reaction,  llie  Nal'D,  stvnietl  to  hinder  the  action  somewhat,  as  that  was 
so  much  lower  than  either  of  the  otiiers. 

In  the  work  of  llahn,''  and  of  llahn  ami  (reretj"  it  wcmld  st^»m  as  if 
they  draw  con<'lusions  in  rejra.rtl  to  the  presence  of  i>roteolj'tic  enzymes  in 
presfcKNl  yejist  from  s<miewhat  indetinite  causes.  In  tJie  one  wise  Hahu 
uwihI  iM*esse<i  yt^ast.  mixing  it  with  kiesfif/uhr  and  s'lueezinpr  from  it  a 
liquid  in  the  same  manner  as  BUchner  extracte<l  his  zynntse.  This  li(iuid 
waa  treated  with  (rhloroform.  to  which  was  added  jrelatine  aud  a  trace  of 
phenol.  The  exti*act  liquetitni  the  jrelatine.  Then  llahn  ami  Geret  used 
extract  obtained  in  the  same  way  with  chloroform  alone,  keeping  the  solu- 
tion at  37°  C.  for  several  weeks.  Tlie  chlomfonn  si»rve<l  to  precipiUite 
the  iM\>ti*ids  and  k4»ei)  the  sidutiim  fret<  fix>m  livinjr  orjfjiuisms.  A  buJky 
pwx-ipitate  was  fonniHl.  whi<*h  jrrJHlually  disjipi>eartMl.  The  liqukl  again 
became  turbid,  the  second  turbidity-  being  due  to  the  formation  of  amido 
(rompoumls  (tyn»in  ami  leucln).  Fi-om  these  exi>eriment»  they  conclude 
that  they  have  extracte<l  a  pi>»teolytic  enzynu'  from  the  yinist.  If  the 
pressed  yea»t  ccmsisted  of  yejist  (mly.  theiv  wotild  Im  no  <iuestion  in  regard 
to  tlie  results,  but  i>r(*sse<l  y<*{ist  always  contains  a  relatively  large  uuml>er 
of  l>acteria  ani<l  a  few  moulds.  Among  the  Ivaettn^la  one  is  pretty  .sitre  to 
find  some  liquefiers. 

To  test  for  the  pivsence  of  Liquetiei*s  1  made  sonu*  gelatine  plate  cul- 
tures fi\>n>  iMvssenl  ywist:  and  a  des<Tlption  of  om»  Avhic^h  cont^iined  only 
one  colony  of  a  li<|uefying  bacterium  will  s<n-ve  to  indicate  the  power  of 
the  enzyme  whi<^h  was  excretCMl.  When  the  liciuefying  colony  was  first 
noted  it  was  >r-  mm.  in  diameter  but  at  the  end  of  twelve  hours  It  had 
li(iuefieil  a  spot  11)  mm.  in  diameter;  in  twenty-three  hours  tlie  spot  had 
in<Teji»ed  to  forty-st^'ven  mm.  in  <liameter  and  in  forty-eight  hours  the 
gi^latine  of  the  entiiv  plate  was  liquefliMl.  Culturt*s  weiv  made  iuto  beef 
g<»latlne  and  the  gelatine  «>  cc.)  was  liquetied  in  forty-eight  hours.  The 
li(|uene«l  gelatine  fi-om  a  tube  was  filtered,  ami  the  filtrate  u^jihI  to  deter- 
mine enzymic  action  of  the  bactc^-ria  as  in  the  former  exiH*riments  for  tlie 
ywist.     At  the  same  time  <U)  grams  of  presseil  yeast  were  mlxe^i   with 


^  Hahn.  M.    Ber.  d.  dent.  chem.  Gesell.,  1898,  No.  2,  pp.  200-201. 
'"  Hahn,  M..  and  Geret.  L.,    1.  c,  pp.  2()2-205. 
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-emery  ami  grouiul  in  a  mortar  for  au  hour.  Then  a  mash  of  the  mixtiii"e 
was  made  with  'JM  cc.  distilled  water.  The  ina.sh  w:i.s  put  in  a  presw  and 
squeeziHl,  the  extract  l>eiugr  filtered.  The  extract  was  use<i  a»  in  the 
fonuer  exiK«-imeut-s  in  addition  to  whi<'li  lt>  cc.  were  heated  t<.>  4.")"  (\  to 
pi-eeipltate  the  proteid  matter. 

The  same  (luantity  of  pressed  yeast  was  mtule  into  a  m:i^h  witli  20  cc. 
dis.  water,  saturati'd  with  thymol,  but  without  any  previous  grlndinjir.  The 
extract  from  tills  was  us».»d  in  the  same  manner  as  that  obtained  from  tlie 
ground  yeast.  This  was  allowe<l  to  stand  for  one  hour,  then  pressed  and 
filtered,  the  filtrate  ust»d  as  in  the  fonner  exi^eriment. 

The  puriM)se  of  this  exi)erimeut  was  to  dettvmlne  if  it  l>e  necessaiy  to 
<!ruwh  the  ye:ist  cells  in  oi"der  to  obt^iin  the  enzyme.  The  following  table 
shows  the  n^sults  o])tained  in  the  various  experiments. 
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The  results  of  the  experiments  sliow  tliat  the  pure  yeast  excretes  a 
proteolytic  enzyme  that  is  fairly  active,  ajid  from  the  fact  that  it  works 
in  the  presence  of  neutral  an<l  alkaline  salts,  it  must  l>e  of  a  trj-ptic  nature. 
It  seems  to  he  of  tlie  same  nature  as  the  ti^'psin  extracted  by  Eklklns, 
since  it  works  best  in  tlie  pivsence  of  NaCl. 

The  experiments  on  the  compres«e<l  yeast  and  the  bacteria  obtained 
from  the  compressed  y(»ast  show  umloubtedly  the  presence  of  an  enzyme, 
but  the  indications  point  more  sti*ongily  to  a  bacterial  than  to  a  yeast 
origin,  since  it  was  not  n<»cessary  to  break  the  yeast  cells  before  tlie  press- 
ing In  obtaining;  tlu»  enzyme,  and  also,  since  in  experience  with  pure  yeast 
cultures,  (mly  three  c«js<»s  Iwive  been  notefl  in  Avliieh  any  perceptible 
enzymic  action  took  place.  Tlien  the  bacterial  extract  was  very  strong,  so 
tliat  though  only  a  companitJvt^ly  small  numl)er  of  bacteria  are  present 
in  the  compresstnl  ye«ist  as  comparwl  vyith  tlie  yeast,  the  activity  of  the 
extract  would  b(»  a<'(*otinte<l  for.  Th(»n  again  though  the  bacterial  ajwl  com- 
presse<l  yeast  extrn<ts  did  not  act  uniformly,  they  showcnl  the  same  i>e- 
culiarity  in  tlio  greater  activity  of  tlie  exvra<'t  in  the  i)reseiice  of  NajCOs. 
Work  witli  a.  mixtuiv  of  organisms  is  always  open  to  the  doubt  in  regard 
to  the  action  of  ea<'li  organism. 

UESCRirTlON  OF  THE  YEAST. 

The  cells  of  this  sptn-ies  aix?  very  variable  in  shape,  being  round, 
elliptic,  elongated  and  irregular,  slender  at  one  einl  and  widening  out  tcv 
Avard  the  other,  or  sliowing  projections  from  the  sides  (111.  1).  The.**e 
irregularities  occurring  to  the  greatest  extent  in  wort  gelatine  cultun^s 
(111.  2).  In  wort  the  cells  become  much  ehmgated  and  are  in  long  chains 
(III.  .3).  wliile  in  lactos<'  solution  the  roun<l  cells  predominate  and  occur 
mostly  in  pairs.  Occasionally  giant  cells  are  found  in  the  cultinvs.  The 
cells  which  are  round  in  a  lactose  solution,  when  placed  in  wort  in  a  moist 
chaniber.  lengthen  inside  of  twenty-four  hours.     (Ills.  4,  5.) 

They  vary  in  size,  the  round  cells  averaging  3.3  //  in  diameter,  while  the 
average  of  the  elongated  are  3.3  //  by  10  m- 

This  yeast  dm^s  not  ferment  sucrose'  or  la<*tose.  It  forms  a  fairly  heavy 
sediment  in  the  sucrose,  but  only  a  slight  growth  in  the  lactose.  In  dex- 
trose it  require<l  six  days  for  fermentation  to  start  and  twenty-ftmr  hours 
to  form  3  cc.  gas.  In  wort,  which  contains  malto<*e.  fennentatlon  started 
in  four  days.  an<l  2r»  cc.  of  gas  Avere  formed  in  three  days,  when  the  cul- 
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turo  waw  k«'i)t  at  hmhu  t(»ini>eratiire.  but  at  30°  C.,  pas  is  f^iven  off  in 
tAvonty-foiir  lioiii*8. 

In  wort  gelatine  tubes  the  growth  ta pet's  from  the  surface  along  the 
netHlle  traclv,  liaving  fine  line  of  growth  radiating  from  the  main  growtli, 
then  the  gelatine  gi-aduallj'  breaks  down  Avith  the  Hiiuefaction. 

The  colonies  at  tirst  are  rather  thick  in  the  ci»nter  with  filaments  ra- 
dhiting  from  the  central  mass.  When  liquefaction  l>egins.  which  is  in«lde 
of  three  days,  the  central  mass  breaks  down  and  spreads  as  a  sort  of 
mycelial  mass  over  the  plate,  resembling  very  strongly  a  mould  growth 
when  seen  under  the  ndcroscoiH*;  Ills.  0.  7.  S  sliow  suc<'essive  stages  in  the 
growth  and  li(iuefaction. 

The  speeies  is  undoul)tedly  S.  li<iuefaciens,  as  described  in  Saccardo," 
the  ^-ells  showing  the  same  variations  and  varying  onJy  slightly  in  size 
from  that  description. 

KXPLANATION  OF   ILIJSTUATIOXS. 

1.  Ten  days'  growth  in  wort.    \:V20. 

2.  Two  weeks'  growth  in  Avort  gelatine.     x450. 
li.    Sixteen  days'  growth  in  wort  gelatine.     x3*J(). 

4.  Twenty-foiH*  lioiirs'  growtli  in  wort  in  moist  chand)er.    x3.*U. 
."»,    Uound  cells  from  lactose  solution  in  moist  4-harmber.    \iV2i). 
♦J.    Colony  grown  in  wort  gelatine,  three  days  old.    x30. 

7.    Colony  grown  in  wort  gelatint\  four  days  old.    x35. 

5.  Colony  grown  in  wort  gelatine,  four  days  ohl.    x3.j. 


'»  Sncoardo,  P.  A.    Sylloge  Fungorum.  Vol.  VIII.  pp.  916-922. 
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Saccharomyces  anomalls  1Iansen(?) 

By  Katherine  E.  Golden* 

lu  his  iuvestigatious  upon  spare  foriuatiou  in  yeasts  Haiisou  fouuii 
tliri'f  Typical  groups,  iIrso  three  dllTering  either  in  the  form  of  the  spores 
or  in  their  mode  of  germination.  The  third  tyi>e  is  furnished  by  S. 
anomalus.  the  spores  of  Avhich  are  hemispherical  in  form,  having  a  pro- 
jecting rim  around  the  flattened  surface.  The  other  two  types  are  spheri- 
cal in  form,  hut  differ  in  their  mode  of  germination.  Hansen  found  this 
species  in  an  impure  Bavarian  breweiy  yeast,  and  after  he  had  called 
attention  to  the  peculiar  sjKwes,  they  were  also  observed  by  Holm, 
Lindner  and  Will,*  who  likewise  found  them  in  impure  brewery  yeast. 
These  investigators  did  not  determine  whether  the  peculiar  spores  which 
they  observed  l>elonged  tiO  Hansen's  S.  anomalus  or  to  allied  species.  Bay' 
gives  the  habitat  as  impure  brewery  yeast  and  graix»s,  as  does  Kayser.' 

Hansen's*  description  of  the  yeast  is  very  biief,  as  is  also  the  descrip- 
tion by  Jorgensen"  an<l  tJiat  given  in  Saccardo"  so  that  the  form  of  the 
spores  is  the  most  characteristic  feature. 

A  yeast  which  develops  the  same  form  of  spores,  1  found  associate<t 
with  another  yeast  on  the  skin  of  lemon.  This  is  a  new  habitat  for  the 
j*east.  and  1  can  And  no  mention  of  any  such  yeast  occurring  in  this 
country. 

The  cells  are  round  or  oval,  occurring  either  singly  or  in  i>airs,  though 
occasionally  in  a  vigorous  growth  in  wort  cfdonies  consisting  of  many 
cells  are  found  (photograph  1).  The  cells  are  veiy  small,  measuring  2.4 
u  in  breadth  by  3.3  //  in  length  for  the  small  oval  ones  to  (>.0  /^  in 
diameter  for  the  cells  containing  spores  (seen  in  j)hotogniph  2). 

In  wort  gelatine  plate  cultures  the  colonies  are  of  a  <lull.  gniyish  white 
color,  round,  with  rather  even  outline.  They  grow  rather  slowly  under 
the  bes-t  conditions.  The  photograph  (3)  shows  a  forty-eight-hours* 
growth.    The  wort  gelatine  plates  seem  to  oflfer  better  conditions  for  the 


*  Jorgenien,  A.    Micro-Organisins  and  Fermentation,  1893,  p.  182. 
»Bay,J.C.    Am.  Naturaliit,  Vol.  XX VII,  1893,  pp.  685-696. 
'Kayeer,  E.    Les  Levures,  p.l04. 

«  Hannen,  E.  C.    Central,  f.  Bakt.,  Bd.  XHI,  1893,  pp.  101-102. 

•  L.  0..  pp.  181-182. 

•Saccardo,  P.  A.    Sylloge  Fungorum,  Vol.  VHI,  pp.  216-228. 
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formation  of  spores  than  any  of  tlu*  other  cultures,  spores  lieing  found  in 
four  days  at  room  temperature. 

In  both  wort  and  iH'ef  l)roth  Kc*lJitine  tul)e  cultures  tlw  growth  is 
practically  tlie  same.  The  g'n)wth  has  a  dry  apiXMiranoe  and  forms  a 
den»e  mass  at  the  uiH*<lle  puncture,  without  any  temlency  to  spread.  The 
growth  tapers  gi-adually  from  the  surface  along  the  nee<lle  track  until 
at  the  hott(nn  of  the  tube  it  is  just  iK»rceptil)le.  It  luis  a  characteristic 
crinlily  appearance  alimjLT  it.s  wliole  length. 

Cultures  in  Pasteur  solution,  witli  ."»  per  cent,  sucrose.  lact(»se  and 
dextrosis  were  mad(»  in  fermentation  tubes,  and  also  in  wort  which  ci»u- 
tains  maltose.  In  sucrose  no  fermentation  occuit(hI:  tliere  was  a  heavy 
growth,  however,  which  caustMl  a  sti-ong  turbidity  of  the  liquid  in  the 
bulb  and  a  lu^vy  stsliment:  the  li(iuid  in  the  tube  remaineii  clear.  A  film 
was  formwl  which  exteiule<l  up  tlie  si<Ies  of  the  tul>e.  After  five  days 
no  spores  were  found  cither  in  Tlie  film  nor  in  tlie  sediment.  Only 
a  very  slight  growtli  occurrc<l  in  tlic  la<"tose  solution,  this  forming 
a  delicate  film  and  a  sliglit  scdiun^nt.  .\<»  gas  was  formed.  The  cells 
in  lactose  occur  singly  or  in  i>airs  and  appear  poorly  nurtHred  (i»ho;o- 
graph  4;.  In  the  <lextiose  solution  tlie  growth  was  vigorous,  forming  a 
heavy  sedlmcMit.  Fermentation  commenced  in  four  days,  and  in  twenty- 
four  houi*s  ."»  cc.  of  gas  were  foruHMl.  In  this,  as  in  the  sucn^se  solution. 
a  strong  film  was  formc<l.  No  spores  were  found  in  the  film  nor  iu  the 
se<liment  even  after  si^ven  days*  growth.  In  the  wort  the  fermentation 
was  mueli  more  vigorous  than  in  the  dextrose,  10  cc.  of  gas  being  fonne<l 
in  the  time  tliat  only  o  cc.  were  fornuHl  in  the  dextrose  solution.  Even 
before  f(M*mentation  ceastnl  a  film  f<H*med  in  si>ots  on  the  surface.  In  tlie 
wort  a  delicate  ctliereal  othrr  is  genera t.e<l.  which  is  very  plwisant.  Sport^s 
were  just  beginning  to  form  in  tlie  film  and  se<liment  in  eleven  (lay-s. 

Spor(»s  formed  niort*  readily  in  a  wort  gelatine  plate  culture  than  even 
in  the  regulation  manner  on  n  g>'i>snm  block.  In  the  plate  They  formwl 
invariably  in  four  days,  not  to  any  great  ext<'nt.  but  sufilcient  to  be  found 
in  every  microscopic  examination.  The  cells  in  which  the  spores  form  ai^e 
large,  and  just  before  the  formation  the  pn)Tx>plasm  beconn^s  veo'  gninu- 
lar  and  refractive.  As  tlie  culture  ages  and  more  si»ores  are  formal  they 
are  found  free  from  the  cell  wall  and  in  groups  ranging  from  two  to  four- 
teen in  numlx»r.     Spores  can  he  seen  in  i>liotogi*Jiphs  r>  and  0. 

It  is  not  quite  certain  wliether  this  is  the  siime  sptH^i(>s  as  Mansion's  S. 
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aiiomalns,  for  the  i)ix>ininent  charax*terlstics  iu  the  description  of  that 
yeast  are  the  peculiar  form  of  the  spores  ami  tlieir  ready  formation  in 
lK)th  the  tilm  and  sediment  dnrinji:  fermentation.  The  shape  of  the  S'iK>res 
in  the  yeast  described  is  the  same  jus  that  of  Han«*en*s.  but  the  eai'lie»t 
l>erioil  at  which  six>i*es  were  formeil  in  fermentinj?  wort  was  eleven  days, 
ami  then  very  sparingly.  In  the  other  solutioiLs  used,  no  spores  were 
formed  even  after  tliree  Aveelcs'  jrrowth.  Then  i^o  mejition  is  made  of 
tlieir  rapid  fonnation  in  wort  gelatine  plates,  and  yet  they  form  there 
vtny  readily. 

Taliing  into  consideration  tlie  characteristics  which  are  desoril>ed  by 
Hansen  for  S.  anomalus— spore  formation,  size  aiKi  sliape  of  cells,  and 
odor  generated  during  fermentation— and  comparing  them  with  tliose  of 
the  yeast  described,  tliey  agree  fairly  closely,  but  the  characteristics 
which  are  not  not.l<H*d  seem  to  be  sutticientlj'  pix>minent  to  not  have  es- 
capiHl  attention  if  they  existed  in  S.  anomalus.  Those  are  lacli  of  fer- 
mentation of  sucrose  and  the  nonformation  of  spoi^es  In  liquids  other  tlian 
wort.  To  me  it  seems  that  the  two  yeasts  are  similar,  and  the  failure  to 
note  certain  (rhai'acteristics  can  be  accountiMl  for  by  the  biwity  of  the 
origimil  description. 

EXPLANATION  OF  ILLUSTUATIONS. 

1.  Cells  grown  in  l»eer  wort.     x7<K). 

2.  Eight  days'  growth  in  I*asteur  solution  containing  ;">  i)er  rent, 
sucrose.    x7(H). 

t\.  Forty-eight  liours'  growtli  on  wort  gelatine  plate.    x.30. 

4.  Ten  days'  growtli  in  Pasteur  solution  containing  ."»  ]An'  cent,  lac- 
tose. x32(). 

5.  Cells  showing  s])ore  devt»l(»pm«Mit,  from  wort  gelatine  plate,  ten 
days'  growtli.     xHM). 

0.  Cells  showing  spore  development,  from  wort  gelatine  plate,  two 
weeks  old.     x7(H). 
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Some  Problems  in  Corallorhjza. 

By  M.  B.  Thomas. 

Some  recent  discussions  regarding  the  relation  of  endoi>hytic  mycelium 
to  the  roots  of  certain  orchids  and  allied  plants  has  suggested  an  investi- 
gation into  this  condition  in  the  Orchidaceae,  and  the  results  show  that 
out  of  fifty  species  of  orchids  examined  all  present  this  relation  in  a  vary- 
ing degree.  The  very  peculiar  root  system  of  the  plants  of  this  family 
may  be  accounted  for  by  the  influence  of  this  semi-parasitic  condition. 

In  corallorhlza,  no  doubt  most  of  the  nutrient  material  taken  in  is 
through  tiie  agency  of  these  very  abundant  hyphae,  while  in  the  cypri- 
pedlunifis,  though  present,  the  hyphae  do  not  play  a  very  conspicuous  part 
in  the  absorption  of  food  by  the  plant. 

The  great  abundance  of  the  hyphae  in  certain  green  orchids  leads  us 
to  infer  tliat  tiie  presence  of  these  threads  alone  is  not  sufficient 
to  account  for  the  very  remarkable  phenomena  in  certain  colorless  orchids 
like  corallorhlza,  etc. 

In  my  Judgment,  other  and  less  obvious  changes  will  yet  be  determined 
that  will  assist  in  accounting  for  the  very  remarkable  life  history  of 
corallorhiza. 

The  paper  deals  with  some  of  the  problems  along  tliis  line  and  the 
results  will  be  published  elsewhere. 


The  Disappfarakce  of  Sedim  iernatum. 

By  M.  B.  Thomas. 

Attention  is  called  to  the  very  unusual  condition  of  a  plant  in  which 
modifications  for  adaptation  to  its  peculiar  environment  failed  to  protect 
i^  from  tlie  severity  of  the  fall  and  winter  of  1808-0.  Sedum  teiiatum 
Michx'..  a  plant  found  in  several  localities  previous  to  that  time,  completely 
disapi>ear(Hl.  so  that  no  trace  of  it  remained  in  the  local  fiora  of  Craw- 
fords  ville. 

The  paper,  which  is  to  be  publisheil  in  full  elsewhere,  deals  with  tiie 
historj'  of  adaptiition  in  this  plant. 

lO— Science. 
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A  Preliminary  Report  on  ihe  Eye  of  the  Mole   (Scalops 

AQUATICUS   MACHRINUS). 

By  James  Rollin  Slonaker. 

It  is  a  jjem^ral  belk»f  with  many  ikh)])!*?  that  the  mole  does  not  liave 
eyeH.  This  is  i>ossibly  due  to  tlie  fact  tliat  the  eyes  are  not  readily 
seen  an<l  that  an  animal  living?  luibltually  in  the  ground  would  have  little 
or  no  use  for  orjfans  of  sight.  But  this,  like  many  other  common  idejw,  is 
wrong,  for  tlie  mole  lias  not  only  a  well-defined  eye.  but  ono  which  is 
rejidily  observeil  on  parting  the  fur  at  the  right  place.  It  is  seen  as  a  dark 
ai-^a  covei-ed  by  the  skin  ami  true  eyelids.  The  latter,  however,  ai^e  rudi- 
mentaiT  and  the  cleft  between  them  so  small  that  it  is  pitictically  nevt*r 
open  enough  to  admit  light.    (Fig.  1.) 

From  tliis  fact  altme  one  ccmld  safeily  conclude  that  tlie  iK>wer  of  siglit 
in  tJie  mole  is  no  more  than  to  distinguish  between  light  and  darknos. 
But  wlien  the  eye  itself  is  examined  tliis  conclusion  is  well  sul)«tantiatefl. 

Comparing  tlie  mole  eye  witli  a  normal  mammalian  eye  it  is  found  to 
be  quite  degenerate.  Tlie  stagtM4  of  degeneration  seem  to  be  in  the  follow- 
ing manner: 

The  eye  decreast^s  materially  in  size.  This  re<liiction  diminishes  the 
size  of  the  a(imM)Us  and  viti'eous  chambers  until  in  somo  eyes  they  arc 
wholly  wanting.  This  allows  the  retina  to  collapse,  causing  tlu*  inner 
layers  to  l>ecome  more  or  less  jumblexl  tc^gether.  Each  of  the  layers  may. 
liow»»ver,  Ik»  made  out  as  is  shown  in  Figs.  2  jind  :>. 

The  lens  is  mucli  nnxlitied  in  size  an^l  shape  in  different  eyes.  Owing 
to  tlie  grt\Mt  diveiNity  of  pressure  exerttMl  by  tlie  shrinking  eye  the  lens 
takes  a  vairiety  of  forms  wliicli  may  be  (UHM<ledly  different  in  eyes  taken 
from  the  same  animal.  This  is  shown  in  Figs.  2  and  .'{.  representing  the 
right  and  left  eye  resptH-tively.  from  the  same  animal.  On  magnifying 
the  lens  the  cells  are  s(*en  to  reseml>J(»  cartilage  more  than  typical  lens 
cells.  (Figs.  4  and  5.)  The  histological  d<»generacy  of  the  lens  has  thus 
gone  much  farther  than  one  would  at  first  su.**i>ect. 

Kitter^  and  Habl-.  in  describing  tlie  development  of  the  mole  lens  .*jay 

'C.  Ritter,  Die  Linse  des  Maulwurf?.  Arrh.  f.  Micr.  Anat.  u.  Entwl.,  Bd.  5.3,  Hoft  III, 
p.  397. 

'  Carl  Rabl,  Uebor  den  Bau  und  die  Entwicklung  der  Linsc.  Zeitschr.  f.  Wis.  Zool.,  Bd. 
67.  Heftl,1809,  p.6;i. 
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tliat  it  is  similar  to  the  mammalian  type  in  its  eaiily  stages,  but  the  later 
stages  are  arrested,  and  in  the  adult  the  typical  lens  cells  have  degen- 
erated to  a  form  as  above  dt^scribwl. 

The  finer  histological  structures  and  relations  of  the  different  cecils  will 
be  presente<l  in  a  later  paper. 

The  function  of  such  an  eye  ns  this  may  l)e  reasonablj'  conceivwl  when 
we  consider  the  comi)osition  and  shai)e  of  the  lens,  tlie  almoet  closed  lids 
and  the  closely  crowde<l  condition  of  the  retina.  The  power  of  sight 
would  doubtless  extend  little  if  any  beyond  the  ability  of  distinguishiog 
between  light  and  darkness. 

KXrLAXATION  OF  FIGURES, 

All  the  figures  are  semi-iliagnimmatic  camera  drawings  of  sections 
from  the  mole  eye. 

AHUKEVIATIOXS. 

a.  Aqueous  chamber. 

b.  Blood  vessel. 

c.  Cornea. 

cl.    Cleft  iH'tween  eyelids, 
i.  n.    Inner  nuclear  layer. 

0.  n.    Outer  nuclear  layer. 

n.  c.    Nuclear  or  ganglion  cell  layer. 

1.  Lens. 

11.    Lower  eyelid. 

ul.    Upper  eyelid. 

r.  b.    Ketinal  blood  vessel. 

p.    IMgment  layer. 

V.    Vitreous  chamber. 

scl.    Sclerotic  coat. 

n.  op.    Optic  nerve, 

1.  c.    Lens  cells. 

Fig.  1.— Vertical  sectitm  tlirough  eye  and  lids  showing  the  cleft  be- 
tween the  lids.  The  section  did  not  pass  through  the  center  of  the  eye. 
x48. 

Fig.  2.— Vertical  section  passing  through  center  of  nerve  and  lens.  The 
thickness  of  the  different  layers  is  correctly  represented,  but  the  ceJls  are 
diagrammatic.    x48. 
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Fig.  3.— Horizontal  section  througli  the  left  eye  from  the  same  animal 
as  Fig.  2.    The  cornea  is  fokle<l,  due  to  the  hardening  fluid.    x4S. 

Fig.  4.— Enlarged  view  of  lens  from  the  same  eye  as  Fig.  3.  The  pe- 
culiar cartilage-like  cells  are  shown.     x-7M. 

Fig.  5.— Enlarged  view  of  lens  from  the  same  eye  as  Fig.  2.    x27n. 


Notes  on  Indiana  Bird.s. 

By  Amos  W.  Butler. 

The  following  notes  are  given  here  in  order  that  they  may  l>e  placed 
on  record.  In  them  are  included  such  I'ocords  of  special  interest  as  have 
been  brought  to  my  attention  since  the  publication  of  my  rei>ort  on  "The 
Birds  of  Indiana,  at  the  beginning  of  181)7.  In  them,  it  will  l)e  observe^l, 
are  added  two  siK>cies  to  the  list  of  bii*ds  of  this  State.  These  are  the 
Caspian  Tern  and  Bachman's  Warbler.  There  are  also  some  interesting 
notes  on  the  appearance  of  the  Wild  Pigeon. 

AYTHYA  VALLISXERIA  (Wils.). 

Canvas-hack  Duck.— A  male  and  female  were  kille<l  in  the  marsh  at 
English  Lake,  Indiana.  November  4.  181*0.  Never  known  to  have  been 
taken  there  in  the  fall  before. 

A  single  one  was  stM?n  at  the  same  plac^^  November  24,  1899.  (Ruthven 
Deane.) 

CLANGULA  HYEMALIS  (IJNN.j. 

Old  iSquaw  DmcA.— February  12,  1899,  a  flock  of  thirteen  Old  Squaws 
alighted  in  the  water  where  ice  was  being  cut  at  English  Lake,  and  all 
were  killed.    (Uuthven  Deane.) 

October  29,  1889.  a  specimen  was  taken  at  Calumet  Heights,  Indiana. 
This  is  a  very  early  record. 

LOXIA  CURVIKOSTUA  MINOR   (BREHMk 

American  Crossbill.— Dv.  Stanley  Coulter  ivporis  at  least  two  dozen  on 
Purdue  University  Campus  November  3.  1898. 
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LOXIA  LEUCOPTKKA  (Gmel.). 

Whitf'icinijed  Cn)f*shU1.—lWiK>rt^  quite  abiindant  aroiiiwl  Chicago  in 
the  past  two  weelis.     (Rinhvon  De«ine,  In  Epist.  11-26-1)0.) 

RepoitfMl  from  near  Richniou<l.  wliere  a  male  waij  soi»n  May  1,  181>9. 
by  Josi^ph  F.  Honocliei". 

A  male  was  found  <lea(l  beneath  the  electric  wires  at  Greemiburg. 
Indiana,  November  7,  IHDU,  by  a  little  colored  boy,  who  brought  it  to  Prof. 
Geo.  L.  Roberts,  in  whow  collection  it  now  is.  ri>on  investigation,  a  few 
minutes  thereafter,  l*rofe*4sor  Roberts  found  six  or  eight  others  among  the 
maple  trends  in  a  yard  n«*ar  by. 

ECTOriSTES  MIGRATORIUS   (I.IXN.L 

PuHHCHUvr  I'hfi'on.—Hix  wci*e  seen  July  10,  IS(M).  at  St.  Peters,  Franklin 
County,  Indiana;  also  found  four  nest*;  near  Oak  For(\st  Indiana. 

October  28,  1SJ>S,  a  licM-k  of  sixty-eight  was  st»en  n«*nr  Springfield  in 
the  same  county.    (.7os.  F.  lIone<-ker.) 

One  mount^Hl  by  Rt'nslcy  iV:  l*arr,  of  Lebanon,  was  kidled  by  Frank 
Young,  Willson  1*.  O..  Shelby  County,  liKliana,  near  that  place,  about 
S<»pteml)er  24.  1808.  It  was  in  company  with  two  <loves  in  a  pat<'h  of  wild 
hemp  when  fouml.  Th(»  siMM-imeii  is  in  the  posisession  of  W.  1.  Patterson, 
Shelby ville,  Indiana. 

Jos4»i>h  F.  Iloncckcr  has  iviMirttnl  these  biiMls  soveral  times  from  the 
vicinity  of  Oak  Fort-st.  Franklin  County.  T'nder  date  of  July  i:J,  181)8. 
he  says: 

**()n  Jiuie  i:>.  18!>s,  I  found  a  pla<n*  where  al)(Mit  forty  wild  piginms 
w<Mv  nMistlng  in  a  woods  alK)ut  one-half  mile  from  Oak  Foivst,  Franklin 
County.  Indiana.  The  ownor  at  the  woo<ls  informed  me  that  the  pifft>i>ns 
stayed  there  for  the  last  thnn*  years,  roosting  on  a  ma]>le  tivt»  which  was 
blown  <lown  by  a  sovere  wind  storm  June  28  1808.  The  plgeoiu;?  are,  I 
tliink.  staying  in  that  same  wckkIs  yoU  but  where  I  am  umible  to  tind  out. 
The  pigeons  are  biuMMling  in  the  wo<k1s.  as  I  found  fourt(M»n  nests  with 
luiritlings.  This  is  the  third  flock  of  wild  pigeons  1  have  seen  in  this  t^ounty 
in  the  last  live  years." 

STERNA  TSCHEGRAVA  (LEPECIi). 
Ca.spifni  Tirn.—'Slr.  J.  (Jrafton  Parker.  Jr..  reports  the  Identification  of 
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ftvo  siKH-init^ns  of  this  Teni  at  Miller's.  Imliuua.  in  August.  1898.     None 
wt»ir«  taken. 

Mr.  F.  M.  WcKKlruflf,  of  Chicago,  sflys  the  Caspian  Tea*n  is  not  a  rare 
binl  on  the  lalie  in  the  early  fall.  **A  few  are  see^ii  each  year  at  Miller's, 
IiKliajia.    They  are  very  shy,  but  1  have  managed  to  obtain  four  of  them." 

HELMINTHOPHILA  BACHMAM  (ATI).). 

Hachman's  Warbler.— \  female  of  this  rare  warbler  wa.<*  taken  May  2, 
18SH».  near  rTi-eensbnrg,  Indiana,  by  Mr.  W.  F.  West.  The  captor  says: 
*'lt  had  no  song.  It  was  taken  from  the  lower  branches  of  a  large  elm 
tree,  situated  on  tlie  bank  of  a  small  stream  which  flows  through  an  oi^en 
woods."  Tile  following  is  the  description:  Forehead,  sides  of  head, 
upi>er  ne<*k  and  breast,  bright  yellow;  crown  and  band  across  neck,  black; 
belly  and  under-tail  cove4"ti<,  whitish:  above,  Iwick  of  head  and  neck,  gray- 
ish; back,  wing  coverts  an<l  e<lge  of  quills,  tinged  with  olive  gi'een:  upper 
tail  coverts,  briglit  olive  gre<*n:  wings,  grayish:  tail  appai-ently  same  color; 
but  two  feathers,  however,  remain  for  determination.  Lengtli.  4..>0;  taiJ, 
about  2.(K);  wing,  2.37.  Male.— (Jivensburg,  Indiana,  May  2.  1899,  Col.  W. 
F.  West. 

It  is  interesting  to  note  this  extralimital  re<*oi>l  of  this  rare  birrl.  Its 
range  is  South  Ameiica  an^l  tlie  CJulf  States  west  to  Iy(misiana:  Cuba  in 
winter.     It  has  been  taken  as  tar  north  as  southern  Virginia  and  Arkansas. 


Biological  Conditions  of  Round  and  Shrinkr  Lakes, 

Whitley  Cointy,  Ind. 

By  E.  B.  Williamson. 

Whitley  Comity  is  situated  in  tlie  northeastern  i)art  of  Indiana.  It  is 
bound(Nl  on  the  east  by  Allen  County,  of  which  Fort  Wayne  is  tlie  county 
seat:  Columbia  City,  situatetl  very  ne^irly  in  the  c<»iiter  of  the  county,  is 
tlM?  county  seat  of  Whitle.v  County.  Uound.  Shriner  and  Ct^lar  lakes  lie 
in  the  northemi  part  of  the  county,  above  seven  mlle«  from  Columbia  Citj\ 
Shriner  and  Ce<lar  lak(»s  lie  parallel  to  each  other,  dlrei-tly  west  of  Round 
Lake,  into  which  they  empty  their  waters.     Round  Lake  is  dralne<l  into 
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Thorn  Creek,  which  leaves  the  hike  on  the  south,  passing  into  Blue  River, 
tlien  iuto  I^el  River,  and  so  into  the  Wabash. 

The  outlet  from  Shriner  Lake  to  Round  Lake  is  a  narrow  artificial 
channel.  The  connection  Ixnween  Cedar  Lake  and  Rouml  Lake  is  formed 
by  a  mai-sh,  grown  up  with  cat-tail  tiag  (Typha  latifoUa),  button-bush 
(CephnlnnthvH  occidcntalis),  swamp  loosestrife  (Dccodon  verticillatusj,  and 
a  variety  of  other  marsh  plants,  with  occasional  stretches  of  open  water. 

But  little  time  wa.s  spent  about  C^dar  Lake.  Its  shores  are  covered 
with  underbnish.  and  the  bottom  of  the  lake  is  so  soft  and,  ne«ir  the 
shore,  so  encuml>ei"e<l  with  tree  trunks  and  branches  that  collecting  is  very 
difficult.  A  number  of  dragonflios  were  taken,  but  nothing  was  found 
here  that  was  not  oliserved  at  Round  and  Shriner. 

Shriner  Lake  is  one  and  one-quaiter  miles  long,  east  and  west,  and  one- 
quarter  of  a  mile  wide.*  A  small  stream,  which  is  diy  most  of  the  year, 
enters  the  lake  at  its  southwestern  part:  but  spiings  are  almost  the  entire 
source  of  water  supply.  The  tempera tui"e  for  some  i>oints  at  the  bottom 
of  the  lake  is  as  low  as  50  degrees.  The  shores  are  sandy,  and,  with  the 
excei>tion  of  a  portion  of  the  northern  part,  solid  and  firm.  Generally  the 
bottom  Silopes  rapidly  from  the  shore  line  of  deep  water.  The  greatest 
depth  is  over  seventy  feet.  Back  from  the  water  line  the  shores  rise  in 
low  bluffs,  covered  with  oak,  maple  and  lL>eech  timber.  A  few  sycamores 
and  cotton  woods  grow  near  the  water's  edge.  About  the  western  and 
northwestern  parts  of  the  lake  the  land  has  In^en  cleared,  and  is  now 
under  cultivation. 

The  flora  of  the  region  is  rich.  Among  the  more  conspicuous  plants 
the  following  may  be  mentione<i:  Water-lily  (yinnph(ra  odorata),  spatter- 
dock  (Saiihar  ndcvna),  water-shield  (Brassmia  peltatnj,  bladderwoi-t 
(I  triciilaria  ml  (jar  if  j,  stiff  white  water-crowfoot  (Bidena  Beck'iiJ,  water- 
weed  (FAodia  Cdfiadvnsis),  cat-tail  flag  (Typha  hitifoliaj,  arrow-head  (Sngit- 
taria),  pickeivl-wee<l  (Poutedtria),  several  species  of  pondw^eeds  (Potn- 
vfOffeton),  pipewort  fEriocaulon  seittangularej,  dulichium  (Dulichium 
anindinaccum),  several  species  of  spike-riush  ( Hlrocharis),  several  species 
of  buUrushes  (among  them  »S*.  atrovirens,  »S.  I'nieatus.  S.  Americanus,  and  S'. 
larustris),  iKnik  msh  fUhijnchospora  (jlomerataj,  bog  rush  (Juncus  Canadennis 
var.  lougicaudatHSi,  and  s<»veral  species  of  Cf/ptrua.  Thistles,  goldenrods, 
asters,  mints,  knotwee<ls  fPoUlifonum).  and  blue  flag  (Iris),  with  a  variety 


-  For  this  and  a  number  of  other  faot^  I  nin  indebted  to  the  Biennial  Report  of  Mr.  P.H. 
Kirsch,  State  Fish  Commissioner  of  Indiana,  for  the  years  1395  and  *96. 
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ol  gTas6<*s  and  smaller  sedges  cover  the  shores.  In  adjoining  woodlands 
I  have  found  two  species  of  orchids,  the  nodding  pogonia  (P.  triantho- 
phora)  and  the  coral-root  (CoraUorhiza  odontorhizaj. 

Round  Lake  is  seven-eighths  of  a  mile  long  and  one-half  of  a  mile 
wide.  The  water  supply  is  derived  from  Cedar  and  Shriner  lakes.  Round 
I^akc  is  shallower  and  warmer  tlian  Shnner  and  the  water  is  less  clear. 
Excepting  small  stretches  of  sandy  beach  along  the  northeastern  and 
southern  sides,  the  shores  of  the  lake  are  soft  and  miiy.  The  dredging  of 
Thorn  Creek  has  lowered  the  lake  until  at  several  places  at  a  distance  from 
shore  the  potamogetous  reach  the  surface  of  the  water.  Lowering  the 
lake  five  feet  more  will  fill  it  with  sand  bars  or  even  reduce  it  to  a  num- 
ber of  ponds.  An  extensive  ti-act  near  the  head  of  Thorn  Creek,  which 
five  years  a^o  was  a  swamp,  is  now  under  cultivation.  Among  the  farmers 
of  the  neighborhood  the  practice  is  common  of  planting  artichoke  among 
the  spatter-dock  where  the  lowering  of  the  lake  has  exposed  the  land.  In 
the  fall  this  is  turned  over  to  hogs  and  their  persistent  rooting  in  the  soft 
earth  pulverizes  and  dries  the  soil  most  effectually. 

The  vegetation  about  Round  is  ranker  even  than  about  Sliriner 
Lake,  and  spatter-dock  (yupharj,  which  is  rather  rare  there,  almost  sur- 
roun4ls  this  lake.  In  September.  18l»7,  my  friend,  Mr.  C.  C.  Deam,  of  BlulT- 
ton,  Indiana,  found  the  reversed  bladderwort  (Utricularia  resupinatii) 
growing  along  the  western  shore.  Greater  bladderwort  (U.  vulgaris)  is 
abundant,  and  witli  potamogetous,  eel  grass  (ValUsiieriaJ,  horn  wort  (Cera- 
tophiiUum)  water-milfoil  (MuriophyUum),  and  stiff  white  water-crowfoot 
compU^tely  clothes  the  bottom  of  the  shallower  parts  of  the  lake. 

Not  only  is  the  vegetation  more  luxuriant  about  Round  I^ike  than 
about  Shriner,  but  the  former  lake  seems  biologically  richer  in  every  way. 
Shriller  is  a  hoautiful.  <h'ep.  clear,  Idue  reservoir  of  spring  water,  while 
Roimd  Lake  is  a  warm,  sliallnw  basin,  surroundwl  by  marshes,  and  con- 
taining the  overflow  of  two  lakes,  and  the  drainage  of  neighboring  woods* 
and  fields.  Mr.  Kirsch  has  rec(rttled  twenty-one  siHM'ies  of  fish  for  Shriner 
i>ake  and  twenty-five  .<*pecies  for  Round  Lake.  I  have  not  observed  any 
crawfish  at  Shriner  Lake,  but  about  the  shores  of  Round  I^ake  the  bur- 
rows and  chimneys  of  Camhanis  tliogvncs  are  common.  While  the  two 
lakes  have  each  furnished  about  the  same  number  of  species  of  dragon- 
flies,  these  insects  are  usually  much  more  numerous  about  Round  than 
about  Shriner. 
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Of  the  vortel>ratt'«  of  this  region  th<»  following  spec*le«  may  be  noted: 
Mammals— moles,  shivws  ami  muH>  are  common.  Gray  sijuirrel  fi^riurnji 
rantlifinisisj  are  rare,  fox  sqnirivls  fs.  niffrr  var.  r'nierensj  i*omm<m  and 
red  scpiirrels  (S.  hudftonivitsf  and  ehiimuinks  (Tatitimt  xtriatnttj  abundant. 
Minks  (Lutrcohi  vinon),  wwisels  (I*utorinH  norrhorncensh)  ami  'eooiLs  (Fro- 
ci/on  liitari  are  common:  and  woodehueks  (Arcfomys  mona.vJ  ])urrow  in  the 
liillsldes  in  eonsldeiuble  nnnd)ers.  Birds:  (Jreen  herons  (Anlca  riresn>nx) 
visit  the  laki\s  fre<iuently,  great  blue  henms  (Ardea  hfrodias)  rarely:  Vir- 
ginia rails  (RalluH  viruininmm)  ami  k^a#rt  bitterns  (liotnunis  ej-Uiftj  have 
Ik^u  (xrcasionally  observed.  KcMl-winged  blackbinls  (Atjelaius  phoeniveitxf 
are  veiy  alnmdant.  Summer  yellow-birds  (Dcnttroira  arstira)  nest  in  nuni- 
l>ora  in  the  button-bushes  in  the  marsh<*s.  In  18JK">  long-bille<l  marsh  wrens 
(Cistothorus  palnxtrixj  nested  in  the  vicinity  of  Rcmml  Livke.  but  during 
1898  none  were  seen  or  heaixl.  During  181M>  a  loon  (C'rhiatnr  i miter)  si)eut 
tlw^  sunmier  at  Shrlner  Lake,  whei-e  it  ndght  have  l>een  seeti  almost  any 
day.  Sandpipei-8  (Acfitis  macuUiria)  and  killdtn^rs  (Avfjialitis  rod  fern)  are 
common.  An  o<H*asional  Barti'a.mis  sandpiper  (Hurtramia  hnifjicamla)  is 
.seen  in  flocks  of  the  latter  si>e<-ies.  Ueptih^s:  Of  the  turtles  the  western 
l>aint(Hi  tm'tle  (ChryHrtuyx  iminjinula),  mu<l  turtle  (Aromochelys  odorata) 
ami  snapping  turtle  (divlydra  avrinntiiiu)  were  the  only  Bi>e<*ies  obsen'e<l. 
These  thret*  are  common  or  abundant.  Three  sixn^-leis  of  snakes  are  often 
o])serve<l  about  the  lakes:  Water  snake  (Tropldonotus  sipvdon),  garter 
siwike  (Kutania  HirtaJh)  ami  Hlwind  snake  (Kutania  xaiirita).  The  blue 
lizaiTd  (Eumerest  fasHatus)  is  not  nire  in  adjoining  woodland.  Amphibians: 
Si)ott<Hi  frogs  (Rana  riresmis)  arc  very  abundant,  and  bullfrogs  (Rana 
i'dtesbiana)  rather  rare.  Fish:  An  abumlam'e  of  game  and  food  fish  are 
fouml  in  tJiese  lakes.  Of  the  two  Hound  Lake  is  regard<*d  as  aflfoitling  the 
best  hshing  gnmnds.  Yellow  perch  (Pvrvn  flarrsvcnxj,  large-mouthed  black 
bass  (Mirroittrrutf  salnmides)  and  a  nund)er  of  si>ecFes  of  suntlsh  (Lepomix) 
are  those  most  usually  taken.  Catflsh.  l)otli  the  yellow  cat  (Ameiunts 
mital'iH)  and  bullhea<l  (Ame'iurux  nrbitloxnHj,  and  pike  (Lucha*  Juv'ius)  are 
moi-e  raivly  met  with.  Occasiomilly  the  i-alico  Iw.ss  (PnmoxiH  sparoidrsj 
and  the  warmouth  (ChacuohriftfiHM  ffuloxus)  are  taken  in  (M>n«iderable  num- 
Ik^ps  about  the  ea.st  (Mid  of  Shdner  Lake.  Tlie  latter  si>ecies  in  c*alled 
mud  ba«s.  ami  tlie  calico  hass  Ls  referrtMl  to  as  rwk  Iwiss  by  the  local 
fishermen.  Tliis  confusion  of  common  names  Is  (Mid  for  the  rea.sim  that, 
while  the  warmouth  (Chuvuohriithus  gulnsvx)  much  resembles  the  rock  bass 


1;)0 

{AinblopHteft  rupfHtriH)  the  calico  bass  (Ponioj-is  Himnthlvxt,  to  which  Uk* 
name  **i-ock  bans"  has  been  appliefl.  has  but  little  jrenernl  resenil>lance  to 
this  tish. 

MollusvaiLs  are  nii^  about  either  bike.  l>ut  are  moiv  connnoii  alnmt 
the  eastern  whores  of  Uouiul  Lake  thun  elsewhen*. 

Of  the  InstHts,  Neuroptera,  Oithoiitem  and  Diptcra  arc  most  numerous. 
Ivepi<loi>tera,  ('olcoi>teni  and  Hymenoptera  arc  less  conspicuous.  Tlic 
Odonat^L  faumi  is  the  richest  and  most  ciianK^terintic.  On  Juno  8.  1808, 
the  air  was  alive  with  larger  siKM'ies,  ami  in  the  shore-line  pnusises  and 
sedp*s  smaller  forms  swarmed  in  countless  nund^ei's.  From  May  initil 
l>eceml>er  they  aiv  fully  entitled  to  rank  as  the  most  attnurtive  and 
intertM^tinjf  insects  of  this  ivpricm.  Sti'ong  and  tierce,  constantly  waning 
among  themselves,  so  far  as  ol>serve<i  in  tJie  iK'ir feet- winged  state  they 
suflfer  defeat  from  only  one  cpiarter.  In  the  wel>8  of  a  siKM'ies  of  hu-ge 
black  ami  yellow  spider  (ArtfiopeJ  I  have  fourid  tlie  remains  of  Artf'ut 
riolacea,  LiheUuUi  indvheUa  and  Mexothemis  shnplinfollti*.  Of  the  two  latter 
species  oidy  very  teneral  individuals  wei-e  fouiwl  so  entrapped.  Suntish 
often  da.sh  at  Li!>ellulas  when  they  are  oviiH>slting,  but  I  have  never  st»en 
the  dnigonflies  injure<l  by  these  attacks. 

The  only  two  common  names  I  liave  heard  used  in  nortliern  Indiana 
for  the  liisei'ts  aiv  "snake-fwMlers"  and  "snakedoctors."  The  i>elief  that 
they  can  sting  is  almost  iniiversal.  To  tlie  good  iK»ople  living  about  the 
lakes  in  WhitJey  County  the  occuiwttion  of  the  colUn-tor  is  l)eyond  umler- 
stamling.  From  ills  first  api>earance  till  his  final  departure  he  is  plie<l 
with  (luestlons.  his  answei^s  only  confinning  his  cpiestioners  in  their 
notions  as  to  his  mental  instability.  Among  other  (piestioiL**  I  may  rword 
the  following:  "Aiv  you  getting  snake-feeders  for  bait?"  "To  eat?"  **To 
use  their  wings  to  make  pictmv  frames  or  ornaments?"  "Or  is  there  a 
Jnmnty  on  them?" 


The  Eyes  of  Cambrus  Pellucidus  from  Mammoth  Cave. 

By  F.  M.  Price. 
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Cortex  Cells  of  the  Mouse's  Brain. 

By  D.  M.  Dennis. 


The  Physical  Geography  of  the  Region  of  the  Great 

Bend  of  the  Wabash. 

By  William  A.  McBeth. 

Tlie  region  here  consiilereil  embiuces  most  of  the  area  of  Tipi>ecam>e, 
the  noilh  half  of  Fountain  and  Montgomery  and  the  southeastern  border 
of  Wan'en  counties,  lying  in  that  part  of  Indiana  where  the  Wabash 
River,  after  traversing  the  State  neai*ly  its  entire  width,  turns  abruptly 
to  the  south,  which  direction  it  follows  through  the  i*emainder  of  its 
course. 

The  ai-ea  embraces  some  of  the  most  beautiful  and  fertile  countiy  in 
the  State.  Much  the  greater  part  is  prairie,  not  continuous  but  divided  by 
gentle  ridges,  usually  timbereil,  into  smaller  sections  locally  named  as 
Osborne's  Prairie  in  western  Fountain  County,  Shawnee,  Twelve  Mile, 
Six  Milo  and  Potato  Creek  prairies  further  east,  and  north  of  these  Wea 
Plains  and  Wild  Cat  prairies. 

The  main  water-shetl  has  a  northwanl  slope  from  northern  Mont- 
gomeiy  Coimty  to  the  Waba.sh,  tlie  main  drainage  line  of  the  region. 
The  sloi)e  rises  rapidly  to  the  ejist  from  the  eastern  side  of  the  South  Fork 
of  Wild  Cat  Creek,  and  the  country  becomes  distinctly  a  timbered  rej;ion 
with  clay  soil.  The  southern  divide  is  also  a  clay  and  naturally  heavily 
timbereil  region,  with  a  few  narrow  re-entrant  strips  of  prairie.  Tlie 
country  is  diversilieil  by  several  ridges  and  a  great  number  of  small  gnivel 
hills  or  mounds.  The  country  to  the  north  of  the  Wabash  to  a  distance  of 
from  two  to  six  miles  from  the  river  is  a  clay  country,  much  of  it  still 
heavily  timbered  and  veiy  much  broken  by  the  knobs  and  basins  charac- 
teristic of  moraine  topography.  The  country  bordering  the  region  on  the 
south  has  this  characteristic  topography  but  of  a  more  subdueil  typ»\ 
Subordinate  to  these  are  several  ridges,  the  relation  of  which  to  the  othei-s 
Is  not  in  evei^  case  dearly  api>arent.  One  of  these  extends  almost  due 
ea-st  from  the  town  of  West  Point,  TipixM?auoe  County,  a  distance  of 
twelve  mik*8,   where   it  bends  southeast  and   extends   to  the  southeast 
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fonier  of  Tii)iKvaiioe  (Vmiity.  Fi*om  this  aii^li*  thore  also  ext4:»uds  a 
bnjkfn  fliuiii  of  iuouiuIh  uortlioast  to  lu^r  Day  toil.  Anotht>r  well  detlD4^(l 
ridjrt?.  from  tlu*  low  rrt^t  of  which  rL*H?  many  iiioimds.  exU»nds  soutb^OKt 
from  near  IiKh^peiidomHs  on  the  Wabash,  to  Darlington,  Montgomery 
County.  PanilleJ  with  it  <m  its  otistem  sIoih*  lies  the  belt  of  bowlders  well 
known  to  Indiana  geologists.  Shorter  ami  less  eonsiviouous  ridges  extend 
ea-st  ami  west,  at  tlistances  of  alH)Ut  three  mile*;  ai>ai't.  across  tlie  part 
of  Tii)|>ecanoe  County  further  ftouth.  Two  or  three  such  ridge«  traverse 
the  nortliMTi  ]mvt  of  Fountain  (.'oimty.  Many  mounds  dot  the  regriosi  in 
no  discernible  relation  to  each  other  or  to  the  chains  and  ridge**.  All 
these*  ridges  and  mounds  of  gnivel  have  the  regidar  stratification  of  water- 
laid  dei)oslts. 

The  draimige  of  the  regicm  is  inteiN^sting  and  jieculiar.  The  Waba«li 
crosses  TipiKM-anoe  County  thi'ough  an  immens<*  deposit  of  gravel  extend- 
ing from  the  (Cistern  to  the  we*»tern  lH>undflr>'  of  the  county,  having  a 
wi<itli  of  from  one  to  six  mile>?  ami  from  two  to  three  humlivd  feet  deep. 
Between  WaiT»4i  and  FimntJiin  counti(*s.  from  the  western  side  of  Tippe- 
canm*  to  l*ortland.  Fountain  County,  tlie  stiM'am  nins  on  l>edrock  in  a 
valley  about  a  mile  wide  and  one  to  two  hundred  feet  det»p.  The  smaller 
streams  of  Tippecanoe  County,  soutli  of  the  Wabash,  converge  from  tlie 
eastern  and  soutliern  more  elevated  clay  plains  and  the  line  on  the  south- 
west formed  liy  the  Darlington-lndeiKMidence  ridge.  \Ve.st  of  this  the 
streams  run  west  into  the  \Val)ash.  Tlie  unusual  coiu'se  of  the  Wea  Creek 
and  of  Coal  Cn-ek  slnndd  l>e  noticed  i)articularly.  th»'  course  of  the  former, 
forming  a  great  si'inicin-le.  llie  latter  having  a  com*se  with  an  abrupt 
benti  in  it  strangely  similar  to  tliat.  of  th(»  Wal)ash.  It  should  l>e  noted 
also  that  tlie  streams  just,  over  tin*  south  and  southwest  divides  of  the 
Wea  l)asin  in  s«»ver;il  j)laces  liave  tlielr  s<mr<*es  very  near  those  of  this 
basin,  and  in  all  sucli  j)lai-cs  there  is  a  sag  or  connecting  valley  across 
tlu»  divide.  Notice,  for  examples,  the  lieads  (»f  South  Flint  and  North 
Sliawui"!'.  Little  W<mi  i\iu\  Hig  SliawmK',  I^ig  Wea  and  Coiil  cnH»ks.  Note 
also  the  nearness  of  tiie  nortiiwnrd-tlowing  tiibutary  of  Shawnee  to  tlie 
rll)ow  in  Coal  Creek. 

Tlie  fore^going  stat(MU<Hit  of  toi)»)graphic  fai-ts  !*<  nuule  in  view  of  a 
IM)ssible  solution  of  some  problems  that  are  suggesttMl  by  them. 

Mr.  ChamlKM'lain  ha«  called  this  a  i*egion  of  re«ul.1ustment  in  glacial 
movement,  and  this  statem<*nt  s<»ems  to  Ih>  the  key  to  the  solution  of  the 
problems  that  ju-t^wMit  themselves.     When  the  last  great  North   Ameri- 
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<*an  ice  sheet  iuvade<l  ludiana  it  sent  forwaixi  advance  columns  along  the 
lines  of  low  depivssion.  Of  these  lines,  the  principal  ones,  a  southward- 
moving  lobe  from  the  Lake  Michigan  depression,  a  southwestward-moving 
lol)e  from  the  Saginaw-Huron  depression,  and  a  west  southwestward-mov- 
ing lobe  from  the  Erie  depression,  converged  in  noitliern  Indiana,  became 
-confluent  and  moved  southward  to  central  Indiana.  The  climate  then 
lK»came  wanner  and  the  ice  sheet  began  its  i-etreat  In  an  oi-der  the 
invei*se  of  its  advance.  It  melted  away  on  the  divides  first  and  persisted 
much  later  in  the  lines  of  depression.  Immense  quantities  of  water  from 
t!ie  melting  ice,  the  accumulated  precipitation  of  countless  age<a  set  free 
from  its  long  bondage  by  the  Frost  King  gathei*ed  in  lakes  in  the  depres- 
sions of  the  vacatcHl  regions,  or  swelled  to  immense  size  the  streams  that 
ran  from  the  ice  front.  A  new  topography  was  imposed  upon  the  region 
of  glacial  action.  It  is  as  a  detail  in  the  general  scheme  that  the  region 
described  finds  its  explanation. 

The  converged  lo])es  before  mentioned  moved  down  to  the  Shelby ville 
moraine  extending  from  northern  Vigo  County  northeast  through  Parke, 
east  through  Putnam  and  thence  soutJieast.  This  moraine  extends  as  a 
continuous  plain,  trenched  by  streams,  Iwaring  on  its  surface  the  weak 
dome-shaped  swells  that  mark  it  as  morainic  in  character  to  the  northern 
part  of  Montgomery  County,  extending  northwestward  to  and  across  the 
Wabash,  which  was  one  of  its  great  terminal  drainage  lines,  into  which 
howe<l  Raccoon  and  Sugar  creeks,  mighty  streams  from  the  ice  border 
further  east.  As  the  ice  retreate<l  to  the  present  divide  l>etween  Sugar 
and  Coal  creeks,  the  slope  descending  to  the  north  was  gradually  uncov- 
ered, and  a  lake  began  to  form  along  the  southern  boixier  of  the  glacier, 
which  overfloweil  south  across  the  divide  by  Potato,  Lye  and  Black  creeks 
to  Sugar  Creek.  Later,  Coal  Creek  took  its  way  west  along  the  ice  border 
and  finding  an  outlet  sti'eam  running  south,  or  a  southward  bend  in  the  ice 
front,  it  turnwl  south  at  the  elbow.  This  being  lower  than  the  outlets 
further  east  caused  their  abandonment,  the  water  flowing  through  tlie 
sags  in  the  Independence- Darlington  Kame  Moraine.  This  moraine  is  a 
weak  frontal  moraine  of  the  Brie  lobe  and  it  was  laid  down  in  the  lake 
and  perhaps  afterwards  much  dissected  by  wave  action.  The  ice  sheet 
lialted  for  a  long  time  at  the  West  Point,  or  what  is  better  known  as  the 
High  Gap  Ridge,  the  drainage  then  being  by  Flint  Creek  along  its  front 
across  tlie  divide  to  Sliawnee.  tiience  west  into  the  Wabash,  the  terminal 
drainage  stream  of  the  .Michigan  lobe,  the  Wea-Coal  Creek  outlet  being 
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probably  still  maintained.  The  High  Gap  Ridge  is  thought  to  be  a  moraine 
of  the  Michigan  lobe.  Later  the  ice  retreated  to  the  great  moraine  north  of 
the  Wabash,  which  river  then  extended  itself  from  the  great  bend  north- 
east along  the  border  of  the  Michigan  lobe  in  its  present  course.  The  lake 
held  in  the  Wea  basin  then  formed  an  outlet  stream  to  the  north  and  Wea 
Creek  and  its  tributaries  came  into  existence,  the  main  stream  following 
the  moraine  on  the  east  and  north  sides  where  the  deepest  part  if  the  lake 
iiad  been.  The  retreat  continuing,  the  region  east  of  Lafayette  as  far  as 
Dayton,  held  a  lake  which  flowed  out  where  the  moraine  running  east 
from  West  Point  bends  to  the  southeast  at  a  low  sag  locally  known  as 
Dismal  Swamp.  Later  an  outlet  opened  into  the  Wea  at  the  west  end  of 
the  lake,  the  bed  of  which  is  now  known  as  Wild  Cat  Prairie.  Later  still 
an  outlet  was  formed  at  the  east  end  of  this  lake  by  the  South  ForK  of 
Wild  Cat  Creek  extending  headward  from  its  junction  with  Middle  Fork 
along  the  western  border  of  the  Erie  lobe. 

The  Michigan  and  Erie  lobes  were  now  becoming  difiPerentiated  again. 
The  heavy  moraine  north  of  the  Wabash  is  a  terminal  moraine  of  the 
Michigan  lobe,  the  rapidly  rising  till  plain  east  of  the  junction  of  Wild 
Cat  Creek  is  the  main  frontal  moraine  of  the  Erie  lobe.  Tippecanoe  River 
in  its  lower  course  is  a  former  outlet  of  an  interlobate  lake  which  existed 
for  a  long  time  before  being  finally  drained  westward  by  the  retreat  of 
the  Michigan  lobe.  The  great  gravel  deposit  is  probably  the  filling  of  a 
lake  produced  by  the  melting  of  a  thick  bed  of  ice  which  had  filled  a  pre- 
glacial  valley.  The  present  Wabash  Valley  is  the  trench  cut  out  by  the 
sand-laden  stream  which  for  thousands  of  years  carried  the  water  from 
the  still  retreating  Erie  lobe. 

Different  layers  of  bowlder  clay  with  beds  of  gravel  interposed  point 
to  minor  advances  and  retreats  of  the  e<lge  of  tlie  ice  sheet  over  all  the 
region. 

The  facts  here  set  forth  are  derived  from  an  intimate  knowledge  of 
inucli  of  tlie  region  and  considerable  field  work  in  the  portions  not  so 
familiar  and  tlie  conclusions  are  sot  forth  as  a  working  hypothesis  subject 
to  revision  upon  the  ]>asis  of  further  examinations.  The  hypothesis  postu- 
lates the  presence  of  the  Michigan  and  Erie  lobes  in  the  region  at  the  same 
time,  which  is  a  view  not  agreed  upon  by  all  who  have  studied  the  glacial 
phenomena  of  North  America. 
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An  Interesting  Bowldek. 

By  Wm.  a.  McBeth. 

On  tlu»  lawn  ill  frniit  of  llu'  rosideiu-o  of  Thomas  B.  MIlliT,  oue-balf 
iiiilo  lUMth  of  Nt'W  Ki<hiiioinl,  MontjronitTy  County.  Indiana,  stands  the 
xi'iy  intoi*<\st.in;r  lH)wldor.  a  cut  of  which  is  piveu  herewith.  It  is  nearly 
five  foot  in  U-njrth,  an«l  from  two  to  tlirtM?  foot  in  dianioter.  It  is  roujjhly 
cyliiulrioal  in  sliapo.  and  so  whito  a»s  to  jrivo  mos-t  iHH>i>le  who  see  It  the 
imi>rossion  that  it  has  rocontly  rocoivo<l  a  copious  coiitinj?  of  whitewash. 
A  (ilosi^r  examination  sliows  a  curious  and  beautiful  structui'e,  which  may 
l)e  compawd  to  that  of  an  imnuMiso  stidc  of  whito  taflty,  stramis  of  which 
lia-<l  Imh'u  drawn  out  into  small  rcjiK^s,  braidtsl.  twisted  and  then  doublet) 
or  ft>ld*><l.  jriv»»n  a  tinal  pull  and  allowed  to  c<m>1. 

A  small  fragment  analyzo<l  at  the  chemicjil  lalioratory  of  Roee  Po!y- 
ttH^'hnic  Institute,  Toriv  Hauto,  hnliana.  by  Mr.  J.  \V.  Sheplierd.  was  pro- 
noum-od  foliated  sorixMitino.  It  was  found  in  oxcavatrnj?  the  cellar  of  the 
roisithMUH*,  in  front  of  whi<-li  it  stands.  A  smaller  lM>wlder  of  the  same 
nuiteriaJ.  and  no  doubt  a  fniirmont  of  the  larjror  one.  was  found  near  It  iu 
the  excavation. 

T!u»  lo<-arion  in  on  tin*  ridp*  of  the  I)arlinjrt<m-lndei)endence  Kaine 
Moraine  and  near  the  panillol  bowlder  train  inonti<m<Hl  in  the  article  on 
the  rhysi<al  (J(M)jrrapliy  of  the  (Jroat  Bond  of  the  Wabash.  It,s  presence, 
in  the  rojrion  when*  fomid.  may  l>o  oxi)lainetl  in  the  same  way  that  the 
l)rosonco  of  the  thousands  of  others  may  1h»  explained,  but  its  comi)08irion 
and  stHK-ture  marlv  it  as  so  uncommon  that  its  source  would  throw  much 
Hjrht  uiK>n  the  dinM'tion  and  <listanco  of  movement  of  the  drift  In  the  re- 
gion wlwM'e  it  was  found.  It  is  lioptnl  that  this  description  may  meet  the 
eye  of  some  i»orson  w!io  can  ;rivo  information  as  to  its  probable  source. 
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Headwaters  cf  Salt  Creek  in  Porter  County. 

By  L.  F.  Bennett. 

Salt  Creek  rises  three  miles  southeast  of  the  city  of  Valparaiso,  in 
section  C.  35  noitli,  5  west.  It  flows  southwest  one  mile,  thence  In  a  north- 
northwesterly  direction,  cutting  through  the  crest  of  the  Valparaiso  Mo- 
raine, and  empties  into  the  Calumet  River  in  section  31,  37  north,  6  west. 
This  paper  has  to  do  witli  the  first  four  miles  of  its  course. 

Like  many  creeks  In  a  drift  region,  it  pursues  a  winding  course 
through  amjirsh  vailing  in  width  from  one  hundred  yards  to  nearly  a 
mUe;  and  unlike  most  creeks  it  has  several  islands  situated  in  its  marshy 
bottom  near  its  headwaters.  These  islands  have  their  longer  axes  parallel 
with  the  genoral  direction  of  the  ci>eek  in  that  locality.  They  are  from 
ten  to  fifty  feet  higher  than  the  suiTounding  marsh  and  are  from  fifty 
yards  to  one-fourth  of  a  mile  In  length.  There  are  also  tongues  of  land 
extending,  in  a  few  instances,  one- fourth  mile  from  the  higher  land  and  are 
connected  with  tlie  higlier  land  by  low  necks.  The  banks  of  the  marsh,  as 
a  rule,  are  quite  steep,  and  rise  from  forty  to  eighty  feet  above  the  creek 
bed.  The  marsh  hn.s  so  little  slope  tliat  with  the  present  price  of  land, 
it  is  not  worth  draining.  It  is  so  wet  and  uneven  in  most  places  that  It 
is  wortlil(»ss  for  pasture.  In  the  southwest  quarter  of  section  seven,  there 
is  a  tributary  marsh  about  ten  feet  above  the  level  of  the  main  marsh, 
and  about  foity  acres  in  extent.  It  is  connected  to  the  larger  marsh  by 
a  narrow  channel.  The  sides  of  the  marsh  are  from  ten  to  twenty  feet 
high  aiwl  rather  al^rupt.  During  the  greater  part  of  the  year  there  is  no 
water  in  the  connecting  cliannel. 

Tlie  fiat  marshy  creek  bottom,  with  its  islands,  tongues  of  land  and 
abruptly  sloping  ])anks,  furni.slies  a  marke<l  exception  to  the  nearly  level 
topograpliy  of  the  regicm  to  the  soutli  and  ea-st.  which  sloi)es  very  gratlu- 
ally  to  tlie  Kankakee  River. 

The  islands,  and  witliout  doubt,  many  at  one  time  were  really  such, 
are  the  most  interesting  featin-es.  Some  are  as  high  as  the  adjacent  land 
on  the  sid(»8  of  tlie  marsh  fnun  which  they  appear  to  be  cut;  many  have 
iK'en  eriKled  until  they  are  but  little  above  the  general  level  of  the  marsh, 
and  others  have  bei-^n  nearly  cut  into  two  parts  by  unequal  erosion  They 
show  every  variety  jis  to  shape  ami  height  above  the  general  level. 


THCHEADOr SALT  CREEK 


Tlie  origin  of  the  rvvvk  and  its  various  tVaturt»s  is  a  very  iuterestiug 
I)n>l)loin.  It  i)n)1»al>l,v  l)ejrau  as  an  original  <leprpssi<m  in  tho  moi^aine,  and, 
as  at  prcst^Mit.  was  red  hy  sprin;rs,  tlic  action  of  wlii<-li  is  very  apparent  all 
alon^r  the  cnM-k's  ui)i)er  course*.  The  head  of  the  creek  is  formed  by  a  num- 
ber of  small  springs  issuin^r  from  a  low  bank,  and  at  various  places  many 
larjje  perennial  sprin;rs  are  found. 

In  section  '2  <sce  map),  on  the  east  side*  of  thi*  cTiH»k,  the  sprinjrs  have 
eaten  back  the  bank  until  a  terrace  has  been  formtnl.  This  terrace  i.s  ten 
feet  above  the  marsh,  is  from  ten  tx>  seventy-tive  yardj^  in  width,  i.s  one- 
fourth  of  a  mil(»  lonjr  and  in  all  places  is  eomiM)sed  of  soft  wet  jrroun<l, 
showinir  that  water  is  still  issuing  from  beneath.  From  tlie  terract*  the 
liuid  abruptly  rises  ten  to  twenty  feet  to  nearly  level  ground. 

If  tlM^  tongues  of  land  with  their  low  neeks  ai\^  to  l)e  considered  as 
islands  nearly  <-ut  otf  and  are  to  explain  the  origin  of  the  ishuuis,  tlieu 
tlieiv  must  have  Ixmmi  a  time  wlu»n  the  iiuantity  of  water  was  much 
greater  than  at  pres<*nt.  If  th<Mt»  was  moix*  water  most  of  it  must  have 
come  from  springs,  as  there  is  no  evidence  of  water  action  except  in  tlie 
cre**k  l)e<l,  the  land  on  all  side.s  bt^ing  high  and  nearly  level.  Again,  if  tlie 
springs  were  more  numerous  and  carri(Ml  moiv  watei*  tlian  at  present, 
other  evidence  of  their  iiresiMict*  tiian  that  given  above  has  entiivly  di«- 
appeartnl. 

Th<»  narrow  necks  aiipear  tt)  have  been  <*ut  out  by  the  n»ct*ssion;s  of 
springs  on  opi)osite  sides  toward  each  other  ami  which  luive  dri«l  up  with 
changing  climatic  conditions. 

There  is  no  way  at  present  to  t»dl  how  deep  the  cret»k  be<l  has  been, 
as  there  an*  no  wells  of  which  se<-tions  may  l)e  obtaine<l,  except  on  the 
sides  of  the  marsh  and  they  aiv  very  shalh)W. 

The  accomiianying  contom-  map  will  give  a  g<MMl  id€»a  of  tlie  iKX^itJon 
of  the  islan<ls  and  tongues  of  land  with  their  relative  lieights.  The  eon- 
tour  interval  is  ten  feet.  '1  he  elevations  were  taken  with  an  aneroid  bar- 
ometer and  locations  were  maele  with  a  considenible  degree  of  accuracy. 
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The  "Weathering  and  Erosion  of  North  and  South  Slopes. 

By  Glenn  Culbertson. 

Tho  exiHMienco  of  the  writer  in  olimbiiijj:  tlie  hills  of  soiithtMUikMii  Iu<li- 
aiia,  and  esixK'iall.v  those  in  the  vicinity  of  Hanover  and  Madison,  led  to 
tlie  opinion  tliat,  in  certain  valleys,  thei-e  was  a  eonsidenible  variation  in 
tlK4  inclination  of  tlie  slopes. 

Durinjr  the  last  few  niontliK  accurate  measurements  of  the  inclinaition 
of  tlie  sloi>es,  of  the  depth  and  of  the  direction  of  trend,  of  four  valleys 
or  ravines  were  made  with  a  view  to  as<*ertaininj;  the  amount  of  vaiiatioin 
in  the  inclination  of  the  sloi>es,  and  a  reason  for  the  variation  where  it 
was  found. 

The  valleys  or  nivines,  chosen  for  the  measurements,  are  locally 
knowMi  as  Butler,  whi(*h  is  about  one-half  mile  south  of  Ilauover;  Crowe, 
which  boiHlers  tlu*  Hanover  Collejyt^  campus  on  the  south;  Happy  Valley, 
which  borders  the  college  campus  on  the  north,  and  Clifty,  which  is  lo- 
cated about  two  miles  west  of  Madison. 

The  hills  in  the  region  of  these  valleys  aiv  capptMl  witJi  the  so-called 
bluff  limes^tone  of  the  Niagara  formation,  tJie  Clinton,  and  tlie  MadJsou 
be<ls  of  the  OiNlovieiiui.  Tlieise  rocks  are  comparatively  unifonn  in  texture 
and  hardnt»ss  tiiroughout  the  region  concennMl.  Butler,  Crowe  and  Happy 
Valley  ravines  are  less  than  a  ndle  in  length,  and  Clifty  is  but  little  more 
than  two  miles  in  length,  fmm  the  mouth  to  the  falls,  which  ai-e  f<H!nd  in 
e«ich  valley.  The  depth  of  thest?  valleys,  however,  is  ajiproximatey  2(>0 
foi*t.  aneroid  measurement.  The  valleys  are  ero<U'd  to  the  level  of  the 
Ohio  River,  into  which  the  str«^uns  occupying  tliem  emi)ty. 

The  gri'jit  d4^)th  of  tJie  ravines,  as  compare<l  to  their  length,  is  ac- 
<'ounte<l  for  by  t\w  fact  that  the  Ohio-Wabash  divide  in  this  region  ap- 
piVMiches  in  places  to  within  a  mile  and  a  half  of  the  Ohio  River. 

The  streams  whi<*h  have  formed  the  valleys,  across  the  lower  portions 
of  which  the  swtions  were  made,  are  all  small,  anil,  witli  tlie  exception 
of  Clifty;  are  just  able  to  tran.*<port  the  materials  brought  into  tlii^m  and 
do  not  erode  the  sides  to  any  extent.  Hence,  we  have  in  tliese  vaUe-ys 
exceptional  conditions  for  the  stu<ly  of  th<'  weatliering  and  erosion  of 
slopes. 

Two  sections  wn»re  made  across  each   valley   with   the  exception  of 
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Butler,  aud  in  each  case  the  sections  were  intended  to  be  fair  averages 
of  the  slcpes.  The  following  data  were  obtained  as  an  average  result  of 
the  sections  made  in  each  valley. 

BUTLER  IIAVIXE. 

Dii^ction  of  trend,  north,  70  degi-ees  west. 

Inclination  of  south  sloi>e  (i.  e.,  sloi>e  facing  south),  25  degrees. 

Inclination  of  north  slope,  28  degrees. 

Depth,  approximately,  'M'A)  feet. 

CKOWE  RAVINE. 

Direction  of  trend,  north,  80  degre<'S  west. 
Inclination  of  south  slope.  22  degrees. 
Inclination  of  north  sloi>e.  *2i'i\'j  degrees. 
Deptli,  200  feet. 

HAPPY  VALLEY     RAVINP:. 

Direction  of  ti^end,  north.  40  di*grtH?s  west. 
Inclination  of  southwest  sloi>e,  21  decrees. 
Inclination  of  nortlieast  slope.  20  degrees. 
Depth,  approximately.  2.V)  feet. 

OLIFTY  VALLEY. 

Direction  of  trend,  north,  10  dfgreos  west. 
Inclination  of  wt^t  slope.  28  degrees. 
Inclination  of  east  sloi>e,  2t)  degrees. 
Depth,  approximately.  270  feet. 


(Reference  to  the  accompanying  figures  will  aid  n»uch  in  appreciatin 
the  variations  in  the  slojx^.) 

These  cross  sections  indicate  a  decided  variation  in  the  rate  of  weath- 
ering on  the  two  slopes,  in  the  cases  umler  consideration,  where  the  direc- 
tion of  valley  tivn<i  is  from  east  and  west  to  southeast  and  northwest 
ai)proximately.  but  that  there  Is  little  variation  where  the  valley  trends 
approximately  north  and  south.  Sections  taken  of  other  valleys  extending 
in  a  general  north  and  soutli  direction  verify  the  latter  statement. 
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Cro-^s  8tH*fcion>  of  four  valU'vs  near  Hanover,  lud..  showing  the  inclina- 
tion of  the  slopes. 

The  direction  of  the  trend  of  each  valley  is  plafvvi  below  the  name. 
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Tli«^  caiisc  of  the  more  rapid  weafherin;;  of  south  slopes  (i.  e..  those  fao- 
injr  the  south)  is.  no  doubt,  partially  due  to  exiuiusion  aud  eontraotiou.  The 
massive  ixx-ks  of  the  Niagara,  Cliuton  aiwl  Madisou  Iveils  of  the  OnlovIciiUi 
have  been  more  rapidly  broken  to  pieees  on  the  south  slopes  than  on  the 
north,  beeausi*  of  the  much  jjreater  daily  ehauce  of  tAMni)eniture  on  the 
sou  til  than  on  tlie  north  sloi)es.  This  is  e>*peeiMlly  true  duriuj;  the  winter 
swiiion. 

The  chief  ajxeut,  however,  in  pro<lucinjj:  the  variations  in  the  sections 
noted.  i»  that  of  fix>st.  The  action  of  fro«t  in  pro<lucinj?  such  variation  is 
three  fold.  First,  the  almost  daily  thawing  and  freezing  of  the  moisture 
in  the  rocks  of  tlie  south  slopes  during  the  winter  product^s  a  more  rapid 
disintegration  of  these  rocks,  tlian  wouhl  take  place  on  tlie  north  sloi>e«, 
where  tha\v1ng  o<?curs  but  few  times  comparatively  during  the  winter 
season. 

Again  the  surface  soil  of  the  slopes  facing  tlu?  south  goes  through  tlie 
freezing  an<l  thawing  process  s<'veral  scoivs  of  times  duriiift  tlie  winter, 
while  that  of  the  north  sIojk'S  remains  frozen  almost  c<mtinuously  during 
the  average  wintry  season.  The  **(?reei)ing  of  soils,"  ivsulting  from  fi^st 
action,  is  too  well  known  to  ikhmI  exi)lanation  here,  and  must,  to  a  large 
degn*e,  a<rcount  f<u'  the  vaiiati(Mis  noted. 

Again,  the  soil  of  the  noi-th  slopes  is  frequently  fi\>zen,  and  even  cov- 
ered with  snow  or  ice,  while  that  of  the  south  slopes  is  unfrozen.  Heiire, 
the  erosive  action  of  many  winter  rains  is  almost  nothing  on  tlie  north 
slopes,  wliile  it  may  be  quite  marked  on  the  S(mth  s1oih»s.  This  is  an  atldi- 
tional  cause  for  the  variation  notiKl  in  the  s4M*tions  tsiken. 

With  the  exception  of  the  north  sloi>e  of  Crowe  Uavine  and  the  east 
sloiK?  of  ('lifty.  the  ii^gioii  consideivd  is  all  woo4leil.  while  the  uiiwootle<l 
Hlopi»s  have  b^n^n  so  but  for  a  few  yeai's.  "What  the  efPwt  of  weatliering 
and  erosive  agencies  may  be  upon  noith  and  south  s1oik\s  of  land  from 
which  the  fon»st  tret»s  have  long  been  remov*^,  has  not  been  investigated, 
but  fn>m  the  gi-eater  abundance  of  hK)se  stones  on  the  south  slopes  of 
cU»ared  and  more  or  less  neglectwl  land,  it  is  probable  that  the  variation 
in  the  effects  of  weatlHM'ing  and  erosion  on  the  north  and  south  slopes  is 
even  more  striking  tlian  in  tlie  case  of  land  cov(>re<l  with  forest  growth. 
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A  Cranium  of  Castoroides  Found  at  Greenfield,  Ind. 

By  JojiEPH  Moore. 

('nst()'roi(l«'s  luis  Ih4*u  coiTi'ctly  represent e<l  as  <ltH'i(U'<ll.v  tlie  ^ivati'st 
rodent.  iv(t>^iit  or  fossil.  This  (Jivfiitit^ld  craniuni,  witli  tlie  nasals  and 
prtMiiaxilbn^v  n^stortnl.  would  measure  a  f<K)t  and  an  inch  in  length.  Com- 
pare this  with  th(»  heads  of  heavers  and  jritnuwl  hojrs,  the  largest  nnlents 
with  whieh  we  are  familiar.  Ev<'n  the  great  capylKira  of  South  America 
is  <iuite  dwarfwl  in  the  (smii>su*ison. 

Tlie  scarcity  of  Castoroides  remains  and  the  interest  which  for  various 
reasons  attJiches  to  them  make  every  c<msidenible  fragment  of  them 
worthy  of  nHMiticm.  So  far  as  ivlaU»s  to  material  for  study,  Indiana  haa 
fumisheil  far  more  than  any  other  State.  On  this  i>oiiit,  and  for  further 
details.  I  refer  the  i-eader  to  a  detailed  reiM)rt  of  the  KaiwUdph  County 
skeleton  in  the  .Journal  of  tlie  Cincinnati  So<'iety  (►f  Xatintil  History  for 
October.  181M),  and  also  to  the  American  Geologist,  Vol.  XII,  August,  189.S. 
In  the  latter,  mere  mention  is  made  of  the  craniimi  now  under  considem- 
tion.    At  that  time  it  was  the  proiHM'ty  of  Dr.  M.  M.  A<lams,  of  Greeutield. 

To  said  Dr.  Adams  I  am  greatly  in<lel)ttMl  for  the  transfw  of  the  same 
to  the  Karlham  Colh»g<'  museum. 

Little  is  known  of  its  history  save  that  it  was  found,  years  since,  by 
some  one  who  was  digging  or  grading  in  (iniiitiehl  or  vicinity. 

It  is  th(»  cranium  of  a  larger  repres*»ntative  of  the  siHH-ies  than  the 
Uand<»lph  tind.  as  described  in  the  AnuMicaii  (itH>logist  and  in  the  Cincin- 
nati .lournal.  Although  the  thin  i)terygoid  blades  are  ba4lly  Ivroken  away, 
still  that  characteristi<'  feature  of  the  double  i>osterior  naivs  is  clearly 
shown..  This  is  espei-ially  noteworthy  as  it  peitains  to  no  other  known 
spcM-ies.  fcvssil  or  rec<»nt. 

This  giant  beaver-like  rodent  oc<-npieil  our  marsh(*s  ami  streams  of 
Quaternary  times  in  company  with  the  mast<wlon  and  mammotJi.  ami  prob- 
ably iMwame  extinct,  largely  through  the  agency  of  ju'ehistoric  man,  some- 
what as  our  m<MUM'n  beaver  appears  to  Ik*  going  to-day. 

The  two  plates,  with  exi»lanati(vns.  which  accompany  this  paper,  will 
give  a  lM*rter  idea,  of  the  dimensions  and  als<»  of  a  few  anatomical  details. 
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On  the  Waldron  Fauna  at  Tarr  Hole,  Indiana. 

By  Edgar  R.  Cumings. 

Perhaps  no  locality  is  more  famous  for  its  fossils,  or  belter  known  to  col- 
lectors than  Waldron,  Indiana.  There  is  another  locality,  however,  which, 
though  less  well  known,  promises  to  aflbrd  almost  as  rich  a  field  for  collecting. 
I  refer  to  Tarr  Hole,  in  Bartholomew  County,  Indiana. 

Thin  locality,  though  mentioned  by  Foerste  and  others  of  the  Indiana  Geo- 
logical Survey,  has  never  hitherto  afTorded  an  extensive  list  of  fossils.  Two  years 
ago  the  present  writer  visited  the  locality  in  company  with  a  student  of  the  de- 
partment of  geology  of  Indiana  University,  and  made  a  collection  from  which 
the  following  species  have  been  identified.  The  bed  is  excavated  each  spring  by 
the  high  water,  the  fossils  being  spread  out  over  a  sand  spit,  making  their  collection 
very  easy.     (The  species  are  listed  in  the  order  of  identification.) 

1.  Eucalyptocrinus  (roots)  (c). 

2.  Trematopora  osculum  Hall  (rr). 

3.  Saginella  elegaos  Hall  (rr). 

4.  Trematopora  iofre(}uens  Hall  (rr). 

5.  Spirifer  bicostatus  var.  petilus  Hall  (rr). 
'6.  Cha^tetes  consimilis  Hall  (r). 

7.  Lichenalia  concentrica  Hall  (c). 

8.  Trematopora  subimbricata  Hall  {rr). 

9.  Eucalyptocrinus  ca'latus  Hall  (c). 

10.  Dalmanites  verrucosus  Hall  (c). 

11.  Fenestella  acmea  Hall  (rr). 

12.  Mytilarca  sigilla  Hall  (rr). 

13.  Trematopora  minuta  Hall  ?  (rr). 

14.  Coelospira  disparilis  Hall  (rr). 

15.  Spirifer  radiatus  Soverby  (rr). 

16.  Anastrophia  internascens  Hall  (a). 

17.  Uncinulus  stricklandi  {Sowerby)  Hall  and  Clarke  (c). 

18.  Homa'spira  evax  Hall  (a). 

19.  Atrypa  reticularis  (Linn,)  Hall  (a) 

20.  Streptelasma  radicans  Hall  (rr). 

21.  S.  borealis  Nicholson  (rr). 

22.  Platystoma  niagarense  Hall  (c). 

23.  Camarot<iechia  whitei  Hall  (aa). 
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24.  Camarot(»*chia  (?)  neglecta  Hall  (a). 

25.  Caraarotavhia  (?)  indianenssis  Hall  laa). 
20.  Caniarotu'chia  (?)  acinus  ILill  (r). 

27.  Meristina  maria  Hall  (c. 

2S.  Dalinaiiella  elegantula  Hall  (c). 

21».  D.  hyhrida  Hall  (c). 

IJO.  Spirifer  crispus  (Himnyir)  Hall  (c). 

31. var.  simplex  Hall  (rr). 

32.  I^pta'iia  rliomboidalis  (  Wilckeufi)  Hall  and  Clarke  (c). 

33.  Orthotetes  8ul>j)lanus  {(^nrad)  Hall  and  Clarke  (c). 

34.  Whittieldella  nitida  Hall  (a)  (large  form). 

35.  — : (small  form)  (a). 

3(>.  Rhynchotreta  (Mineata  var.  americana  Hall  (a). 

37.  Dictvonella  retitrulata  Hall  (v.). 

38.  Nucleospira  pisiformis  Hall  (c). 

39.  Calymine  niagarense  Hall  (r). 

40.  Eucalyptooriiuis  crassus  Hnll  (rr). 

41.  Trematopora  varia  Hall  (r). 

42.  Favosites  forbesi  var.  occidentalis  Hall  ir). 

43.  Cornulites  propriuH  I  fall  (rr). 

44.  Palesrhara  maculata  Hall  (rr)  (on  Camarot(»»chia  indianensis). 

45.  Meristina  recti  rostris  I  fall  (r). 

46.  llomu^spira  eobrina  {Beeclier  and  Clarke)  If.  and  C.  (rr). 

47.  Stropliostylus  cyclostoraus  7/a// (rr). 

48. var.  disjunctus  Hall  (rr). 

49.  Astylospongia  pni'mosa  G old f has  (rr). 

50.  Spirifer  cf.  niagarensis  //a/7  (rr). 

51.  Stropheodonta  sp. 

52.  Modiolopsis  perlata  ?  Hall  (rr). 

53.  Paleschara  (^?)  sphierion  J  fall  (rr). 

54.  Khodocrinus  (lyriocrinus)  Melissa  fJall  (rr). 

55.  Orthotetes  subplanus  ?  (specimen  3.5  mm.  long). 

56.  Lichas  boltoni  var.  occidentalis  Hall  (rr). 

57.  Chonetes  nova-scotica  Hall  (rr). 

58.  Lamellibranch  cf.  pterinea  sp. 

59.  Orthotetes  tenuis  Jfail  (rr). 

60.  Trematopora  granulifera  Hall  (r). 

61.  Leperditia  faba  Hall  (rr). 
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62.  HomaloDotut  armatus  Hall  (rr). 

63.  Ceramopora  labecula  Hall  (rr). 

64.  Stropheodoota  profunda  Hall  (fragment). 

65.  Pholidops  ovalis  Hall  (interior  of  ventral  valve). 

66.  Fenistella  parviilipora  Hall  (rr). 

67.  Strophiodonta  striata  Hall  (rr). 

68.  Trematopora  echinata  Hall  (rr). 

69.  Stephanocrinus  (fragment). 

70.  Fistulipora  maculata  {Hall)  (r). 

71.  Crania  sp.  (rr). 

(The  relative  abundance  of  species  in  the  above  list  is  indicated  hj  the  letter» 
in  parentheses,  aa  indicating  very  abundant;  a,  abundant;  c,  common;  r,  rare, 
and  rr,  very  rare.) 

In  the  species  Whittieldella  nitida  no  transitional  forms  were  found  between 
the  large  and  small  varieties,  though  a  considerable  number  of  specimens  of  both 
varieties  were  obtained. 

The  form  given  by  Hall  as  Lichenalia  concentrica  var.  maculata  is  here  re- 
ferred to  the  genus  Fistulipora,  since  all  the  specimens  from  the  present  locality 
in  which  the  maculae  are  present,  also  possess  mesopore  apertures  in  the  interaper- 
tural  spaces,  a  character  not  possessed  by  Lichenalia  as  defined  by  Simpson.  (See 
14th  Ann.  Rept.  State  Geologist  of  N.  Y.,  p.  559.) 


The  Strfsam  Gradients  of  the  Lower  Mohawk  Valley. 

By    ElKJAR    R.    CUMINGS. 

During  a  recent  study  of  the  area  mappwl  as  the  Amsterdam  (N.  Y.) 
sheet  of  the  U.  S.  Geological  Survey*  the  writer  wns  struck  by  certain 
pecularities  of  the  streams  of  this  area  emptj-ing  into  the  Mohawk  River. 

As  will  be  seen  by  a  reference  to  the  accomi>anying  map,  practically 
all  of  these  streams  have  a  relatively  flat  gradient  throughout  their  upper 
courses.  The  streams  A.  D  and  F  have  not  cut  through  the  glacial  till 
that  forms  tlio  beds  of  tlieir  lower  courses,  wliile  all  the  streams  A,  D,  E, 
F,  G,  H,  flow  over  rock  beds  in  their  upper  courses. 


*The  neults  of  this  study  dealing  Tvith  the  stratiRrarhy  and  paleontology  of  the  Lower 
Silurian  formation  will  bo  published  as  a  part  of  Bulletin  No.  32  of  the  New  York  State 
Maseuin. 


In  all  cases  the  upper  courses  are  more  matuiv,  both  as  regards  slope 
of  the  bed  and  witli  regard  to  steepness  of  banks  and  presence  of  water- 
falls, etc. 

The  profiles  to  the  right  of  the  map  are  accurately  drawn  to  scale 
from  the  data  of  the  V.  S.  Topographic  slieet.  It  will  be  seen  that  there 
Is  a  remarkable  uniformity  in  one  particular,  namely,  the  points  (M,  N) 
livhere  the  prolongations  of  the  upper  slopes  intersect.  A  line  coinciding 
'With  xy,  the  upper  s^lopes  of  A  and  D,  meets  the  prolongation  of  a  line 
coinciding  with  EE';  the  upper  course  of  B,  at  M,  and  a  line  coinciding 
^-ith  the  upper  course  of  F  (FN)  meets  the  line  coinciding  with  the  upper 
c?ourses  of  G  and  H  (GG',  HH')  at  N  (nearly). 

This  state  of  affairs  is  not  due  to  structure,  for,  as  wlU  he  seen  by  the 
geologic  sections  (XY  and  W  V),  the  formations  and  structure  encountered 
by  the  several  streams  vary  to  a  marked  degree.  G  and  H  flow  over  hard, 
arenaceous  limestone  (Calciferous  and  Trenton  In  part));  F  flows  over  the 
soft  Utica  shale;  A  flows  over  the  even  more  yielding  Hudson  shales,  and 
D  and  B  over  Utica.  A  and  F  are  determined  by  a  fault  line.  The  lower 
courses,  where  not  in  glacial  drift  (F,  D  and  A),  are  in  limestone  (G  and 
H)  and  Utica  shale  (E). 

There  are  tliree  possible  explanations  of  the  pi»culiarity  In  question. 
(1)  These  mature  upper  gradients  ivpresent  a  period  of  base-leveling  and 
subsequent  elevation  which  has  rejuvenated  the  streams,  allowing  them 
to  re-excavate  their  beds;  (2)  the  Mohawk  Valley  was  plowed  out  to  a 
depth  of  240  to  260  feet  by  the  Mohawk  Valley  glacier*;  (3)  the  water  of 
the  Mohawk  was  dammed  bock  to  a  level  of  240  to  2G0  feet  above  the 
present  river  level  for  a  length  of  time  sufficient  for  the  streams  in  ques- 
tion to  mature. 

Of  these  possible  explanations  the  first  is  the  more  probable  inasmuch 
as  the  stream,  E,  is  manifestly  preglaciai  and  has  been  modified  in  its 
upper  -^ourse  to  some  extent  by  drift,  nevertheless  the  upper  gradient  of 
this  stream  conforms  distinctly  to  a  river  at  a  level  of  500  feet  (A.  T.), 
instead  of  at  a  level  of  240  feet  as  in  the  present  Mohawk  River.  We 
must,  therefore.  b(»lieve  that  this  stream  reached  gi*ade  before  it  was  inter- 
fered with  by  the  presence  of  the  glacier. 

As  for  the  hypothesis  of  a  plowing  out  of  the  Mohawk  Valley,  this 
seeiTMJ  hardly  probable*  in  view  of  the  fact  that  the  Hoffmans  Ferry  fault 


^See  Dana,  A.  J.  S.  (2)  Vol.  35,  pp. 243-249;  Britbam,  Bull.  Oeol.  Soo.  Amer.,  Vol.9,  pp. 
18:^210;  Chamberlain,  U.  S.  G.  S.  Third  Ann.  R«p.,  pp.  360-965. 
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ofTors  a  subntautial  bnrrier  of  hard  limestone  to  Hiicli  an  amount  of  eroBioD 
on  the  part  of  the  ghtcier.  Furthermope,  the  gradients  of  the  lower 
oourst^s  of  some  of  the  streams,  at  least,  such  as  A,  F  and  D,  where  the 
streams  are  still  flowing  through  till  must  have  been  formed  prior  to  the 
presence  of  tlie  glacier  since  they  are  partly  plugged  with  glacial  debris. 
It  seems  lilvely,  then,  on  the  whole,  that  these  streams  had  cut  to  grade 
not  long  prtor  to  the  glacial  epoch  and  were  rejuvenated  togerther  with 
the  entire  Mohawk  system  l>y  the  elevation  which  preceded  or  accom- 
panied the  glacial  epoch. 


Skull  of  Fossil  Bison. 

By  W.  G.  Middlkton  and  Joseph  Moore. 

I^*t  it  l)e  said  here,  by  way  of  introduction,  that  Mr.  Middleton,  of  the 
Viaicennes  High  School,  as  some  members  of  the  Academy  will  remember, 
obtainetl  ajul  rei)orted  to  the  late  meeting  tJie  above-named  specimen,  re- 
porting it  ai*  probably  Bison  latifrous,  Leldy.  Mr.  Middleton  gave  his  re- 
port verlwilly  to  the  Academy,  and  has  recently  boem  In  poor  health,  so 
that  he  lias  not  lx?en  able  to  give  it  further  study  and  write  it  up  for 
pul)lication.  He,  therefore,  requests  me  (J.  M.),  since  the  specimen  has 
been  sent  to  Barlham  College,  to  forward  measurements,  ph'otographs  and 
whatever  notes  may  seem  proi)er. 

This  cranium  was  found  in  180G,  a  few  miles  fi\)m  tlie  city  of  Vin- 
cemies,  Indiana,  by  a  Mr.  Brower.  It  was  some  six  feet  l>elow  the  sur- 
face, i>artly  unearthed  by  the  caving  in  of  the  bank  of  a  deep  ditch. 

It  will  t>o  noted  that  what  a.ppears  to  be  the  hofrns  are  but  the  honi 
cores— i>roceHse«  of  tlie  frontal  bones  for  the  support  of  horns  long  since 
decayed.    The  hornis,  if  rc^tonnl,  would  add,  say  a  foot  to  eaxrli  projection. 

Ft.     In, 
I)istan<i»  fix>m  tip  to  tip  of  horn  coi-es,  direct  line 3       0  ♦ 

ClrcumftMviiCi*  of  horn  cores  near  l>flse 1  0 

tYom  tip  to  tip  of  horn  cores,  line  of  outer  cun-t^ 3  0 

Width  i»f  forehojid  l>etween  horns 1  3 

Greatest  width  from  outer  to  outer  of  orbit  borders 1  2Vj 

lyeast  width  of  forehead  (between  eyes  and  horns) 1  % 

Ltiugtli  of  face  from  occipital  crest  to  anterior  of  na.sal**.  .1  0      • 

-^  This  meMurement  supposes  an  inch,  more  or  less,  to  be  restored  to  the  tip  of  the  ritbt 
horn  core,  which  has  been  broken  off.    Measurement  as  it  appears  in  the  cut  is  35  inohea. 
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(It  will  be  Doted  that  the  premaxUlarleR  and  a  portiou  of  the  maxil- 
lariee  are  "^-anting  With  these  restored  the  face  would  be  six  to  eight 
inches  longer.) 

Ft.     In. 
Greatest  widtli  of  occiput,  right  and  left 1         % 

Greatest  width  of  occiputal  condyles,  right  and  left 0       r>V> 

The  horn  cores  at  base  are  warty  and  spurred;  throui?hout  their  length 
they  are  ridged  and  grooved. 

A  cross  section  of  these  cores  at  almost  any  point  would  give,  approxi- 
mately, a  circle  having  an  irregularly  notched  lK>rder. 

The  face  is  slightly  depressed  l>etween  the  eyes,  but  tJie  forehead 
above  the  eyes  Is  moderately  convex,  hoth  vei-tieally  and  crosswist*.  Tliis 
latter  feature  is  the  more  marked  immediately  below  the  occipital  crest. 

The  cranial  cavity  is  i)erfoot;  so  are  the  zygomatic  arches.  The  maxil- 
laries,  as  will  be  seen  from  photograph  No.  2,  an*  iiuite  defective.  The 
left  maxillary  has  two  fraginental  grinders,  S4>cond  anil  third,  numbering 
from  behind. 

We  have  c*alled  this  a  Fossil  Bison,  but  the  fact  tliat  it  was  found 
several  feet  below  the  surface  does  not,  of  It<H^lf.  prove  it  tx)  repnnsent  a 
species  different  from  the  ordinary  n^cent  (though  almost  extinct)  •'buf- 
falo*'—Bison  bison.  Kemains  of  our  recent  bisjon  have  many  Umv^  bet^n 
found  in  peat,  loam,  loess  and  in  ordinary  marsh  ground. 

This  specimen  from  VInoennes  bears  a  close  I'esemblauee  to  the  mod- 
ern buffalo  in  many  details,  and  yet  it  is  evidently  siKvittcally  different. 

Prof.  F.  A.  laicas,  of  the  U.  S.  National  Museum,  in  his  Memoir  on  tlie 
Fossil  Bison  of  North  Ame-rica,  descril>es  the  following  six  si>ecies— B. 
occidentalis,  B.  antiquus,  B.  crajssicornis,  B.  alleni,  B.  ferox,  and  B.  lati- 
frons.  This  Vincennes  siKK*imen  is  fiot  B.  latlfrous.  as  we  suggi^twl  at 
the  meeting  of  the  Academy,  as  is  clearly  ascertained  from  further  study 
and  cH>mpai'ison. 

From  tiie  size  (and  this  is  evidently  a  well-matunsl  skull),  from  tJie 
length,  diameter,  direction,  curvature  and  taix^r  of  the  hom  cores,  we 
announce  it,  somewhat  cautiously,  as  B.  anti(iuus  Leidy.  In  all  of  the 
above  named  particulars,  and  others  we  might  name,  it  agrees  much  more 
nearly  with  said  species  than  with  our  living  bison. 

Remains  of  B.  antiquus  have  heretofore  been  found  in  two  localities  In 
California  and  at  Big  Bone  Lick  in  Kentucky. 
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Fra;rnients  of  fossil  bison  and  allied  forms  have  for  a  century,  more 
or  loss,  iKHm  cjiUed  in  a  general  way  remains  of  a  great  American  ox. 

The  accomi>anying  plates,  with  the  measurements,  will  aid  the  reader 
as  to  the  size  and  form  of  the  cranium  we  are  studying.  We  are  indebted 
to  I^rof.  R.  W.  Barix>tt  for  photographs,  also  to  Dr.  J.  Ijindahl,  of  Cincin- 
nati, for  photographs  of  B.  latifrons  for  comparison. 
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